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This publication presents technical information for the several product families that comprise 
the Motorola small-signal transistor line. Thefamilies include both bipolar and field-effect tran 
sistors. These are available in a variety of packages; metal can, plastic, and microminiature. 
Complete device specifications and typical performance curves are given on individual data 
sheets, which are grouped by the various families. 
Aquick comparison of performance characteristics is presented in the easy-to-use selector 
guides in the first section. Thetables will assist in the selection of the proper transistor for a 
specific application. 
Separate sections are included to describe package outline drawings, and to clarify the 
mysteries of high reliability processing and testing. 
The information in this book has been carefully checked and is believed to be accurate; 
however, no responsibility is assumed forinaccuracies. Furthermore, this information does not 
convey tothe purchaser ofsemiconductor devices any license under the patent rights to the 
manufacturer. 
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ALPHANUMERIC INDEX 


Motorola 
Part* 


2N350 
2N350JAN 
2N3S0JANTX 
2N350JANTXV 
2N638 
2N656 
2N657 
2N697 
2N6S9 
2N703 


2N703JAN 
2N706 
2N706A 
2N706B 
2N706JAN 
2N708 
2N708JAN 
2N708JTX 
2N718 
2N718A 


2N718AJAN 
2N718AJTX 
2N718AJTXV 
2N720A 
2N834 
2N83S 
2N860A 
2N869A 
2N869AJAN 
2N869AJTX 


2N869AJTXV 
2N910 
2N914 
2N914JAN 
2N914JTX 
2N915 
2N916 
2N916JAN 
2N918 
2N918JAN 


2N918JANS 
2N918JANTXV 
2N918JTX 
2N918JTXV 
2N930 
2N930A 
2N930JAN 
2N930JTX 
2N956 
2N1131A 


2N1132 
2N1132A 
2N1132JAN 
2N1132JANTX 
2N1613 
2N1613JAN 
2N1613JTX 
2N1613JTXV 
2N1613LJTXV 
2N1711 


Data 
Sheet 
Page# 


4-2 
4-2 
4-3 
4-4 
4-5 


4-5 
4-6 
4-6 
4-6 
4-6 
4-8 
4-8 
4-8 
4-9 
4-10 


4-10 
4-10 
4-10 
4-12 
4-13 
4-13 


4-14 
4-14 
4-14 


4-14 
4-17 
4-18 
4-18 
4-18 
4-19 
4-20 
4-20 
4-21 
4-21 


4-21 
4-21 
4-22 
4-22 
4-22 
4-22 
4-10 


4-24 
4-24 
4-24 


4-26 
4-26 
4-26 
4-26 


4-10 


Selector 
Guide 
Page# 


1-17 
1-17 
1-17 
1-17 
1-29 
1-17 
1-17 
1-19 


1-44 


1-44 


1-44 
1-44 
1-18 


1-44 
1-44 
1-44 


1-29 
1-15 
1-15 
1-15 


1-15 


1-15 
1-15 
1-15 


1-18 
1-18 
1-17 
1-17 


1-17 
1-17 
1-17 
1-17 
1-16 
1-16 
1-16 
1-16 
1-18 
1-19 


1-19 
1-19 
1-19 
1-19 
1-18 
1-18 
1-18 
1-18 


1-18 


Motorola 
Part# 


2N1893 
2N2060 
2N2060A 
2N2060JAN 
2N2060JTX 
2N2060JTXV 
2N2102 
2N2193A 
2N2218 
2N2218A 


2N2218AJAN 
2N2218AJTX 
2N2218AJTXV 
2N2218JAN 
2N2218JTX 
2N2218JTXV 
2N2219 
2N2219A 
2N2219AJAN 
2N2219AJTX 


2N2219AJTXV 
2N2219ALJTXV 
2N2219JAN 
2N2219JTX 
2N2219JTXV 
2N2221 
2N2221A 
2N2221AJAN 
2N2221AJTX 
2N2221AJTXV 


2N2221JAN 
2N2221JTX 
2N2221JTXV 
2N2222 
2N2222A 
2N2222AJAN 
2N2222AJTX 
2N2222AJTXV 
2N2222JAN 
2N2222JTX 


2N2222JTXV 
2N2223 
2N2223A 
2N2270 
2N2297 
2N2368 
2N2369 
2N2369A 
2N2369AJAN 
2N2369AJANS 


2N2369AJTX 
2N2369AJTXV 
2N2453 
2N2453A 
2N2480 
2N2480A 
2N2481 
2N2481JAN 
2N2481JTX 
2N2484 
Pepts^!^ 
aVaMab,e ,f°m M°,0r0,a a,,houSh "*»W-d m«his book 


Data 
Selector 
Sheet 
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Page# 
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4-27 


. 


5-2 
1-26 
5-2 
1-26 
5-2 
1-44 
5-2 
1-44 
5-2 
1-44 
4-28 
- 
4-29 
1-18 
4-30 
1-19 
4-30 
1-19 


4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
1-19 


4-30 
1-19 


4-30 
1-19 
4-30 
1-19 
4-30 
1-19 
4-30 
- 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 


4-30 
1-44 
4-30 
1-44 
4-30 
1-44 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 
4-30 
1-18 


4-30 
1-18 
5-2 
1-26 
5-2 
1-26 
4-36 
1-18 
4-37 
- 
4-38 
- 
4-38 
1-15 
4-38 
1-15 
4-38 
1-15 


- 
1-15 


4-38 
1-15 
4-38 
1-15 
5-5 
1-26 
5-5 
1-26 
5-2 
1-26 
5-2 
1-26 
4-43 
- 
4-43 
1-44 
4-43 
1-44 
4-47 
1-16 
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Motorola 
Part ft 


2N2484JAN 
2N2484JTX 
2N2484JTXV 
2N2501 
2N2539 
2N2604 
2N2605 
2N2605JAN 
2N2605JANTXV 
2N2605JTX 


2N2608 
2N2608JAN 
2N2609 
2N2609JAN 
2N2639 
2N2640 
2N2641 
2N2642 
2N2643 
2N2644 


2N26S2 
2N2652A 
2N2720 
2N2721 
2N2722 
2N2723 
2N2785 
2N2800 
2N2843 
2N2844 


2N2857 
2N2857JAN 
2N2857JTX 
2N2857JTXV 
2N2894 
2N2895 
2N2896 
2N2897 
2N2903 
2N2903A 


2N2904 
2N2904A 
2N2904AJAN 
2N2904AJTX 
2N2904AJTXV 
2N2904JAN 
2N2904JTX 
2N2904JTXV 
2N2905 
2N2905A 


2N290SAJAN 
2N2905AJTX 
2N2905AJTXV 
2N2905ALJANS 
2N2905JAN 
2N2905JTX 
2N2905JTXV 
2N2906 
2N2906A 
2N2906AJAN 


Data 
Sheet 
Page ft 


4-47 
4-47 
4-47 
4-48 
4-51 


4-52 
4-52 


4-52 


6-2 


6-2 


5-7 
5-7 
5-7 
5-7 
5-7 
5-7 


5-9 
5-9 
5-10 
5-10 
5-11 
5-12 
5-13 
4-53 
6-3 
6-3 


7-2 


4-54 
4-55 
4-55 
4-55 
5-14 


4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 


4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 


Selector 
Guide 
Page ft 


1-16 
1-16 
1-16 
1-15 


1-16 
1-16 
1-16 
1-16 
1-16 


1-30 
1-44 
1-31 
1-44 
1-26 
1-26 
1-26 
1-26 
1-26 
1-26 


1-26 
1-26 
1-26 
1-26 
1-26 


1-38 
1-44 
1-44 
1-44 
1-15 
1-18 
1-18 
1-18 
1-26 
1-26 


1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 


1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 


Motorola 
Part# 


2N2906AJTX 
2N2906AJTXV 
2N2906JAN 
2N2906JTX 
2N2906JTXV 
2N2907 
2N2907A 
2N2907AJAN 
2N2907AJANS 
2N2907AJTX 


2N2907AJTXV 
2N2907JAN 
2N2907JTX 
2N2907JTXV 
2N2913 
2N2914 
2N2915 
2N2916 
2N2917 
2N2918 


2N2919 
2N2920 
2N2944 
2N2944A 
2N2944AJAN 
2N2944AJTX 
2N2944AJTXV 
2N2945 
2N2945A 
2N2945AJAN 


2N2945AJTX 
2N2945AJTXV 
2N2946 
2N2946A 
2N2946AJAN 
2N2946AJTX 
2N2946AJTXV 
2N2959 
2N3011 
2N3012 


2N3013 
2N3013JAN 
2N3013JTX 
2N3014 
2N3019 
2N3019JAN 
2N3019JTX 
2N3019JTXV 
2N3020 
2N3020JAN 


2N3020JTX 
2N3020JTXV 
2N3043 
2N3044 
2N3045 
2N3046 
2N3047 
2N3048 
2N3053 
2N3053A 


IV 


Data 
Sheet 
Page ft 


4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 
4-57 


4-57 
4-57 
4-57 
4-57 
5-15 
5-15 
5-15 
5-15 
5-15 
5-15 


5-15 
5-15 
4-60 
4-61 
4-61 
4-61 
4-61 
4-60 
4-61 
4-61 


4-61 
4-61 
4-60 
4-61 
4-61 
4-61 
4-61 
4-65 
4-66 
4-67 


4-68 
4-68 
4-68 
4-68 
4-70 
4-70 
4-70 
4-70 
4-70 
4-70 


4-70 
4-70 
5-17 
5-17 
5-17 
5-17 
5-17 
5-17 
4-73 
4-73 


Selector 
Guide 
Page ft 


1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 


1-19 
1-19 
1-19 
1-19 
1-26 
1-26 
1-26 
1-26 
1-26 
1-26 


1-26 
1-26 


1-44 
1-44 
1-44 
1-20 
1-20 
1-44 


1-44 
1-44 
1-20 
1-20 
1-44 
1-44 
1-44 


1-44 
1-44 


1-18 
1-18 
1-18 
1-18 
1-18 


1-26 
1-26 
1-26 
1-26 
1-26 
1-26 
1-19 
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Page # 


4-74 
4-76 
4-77 
4-77 
4-38 
4-78 
4-78 
4-82 
4-86 
4-86 


4-86 
4-86 
4-86 
4-86 
4-86 
4-86 
4-86 
4-86 
4-91 
4-91 


4-91 
4-91 
4-96 
4-96 
4-96 
4-96 


4-97 
4-97 
6-4 


2N3073 
2N3114 
2N3133 
2N3135 
2N3227 
2N3244 
2N3245 
2N3249 
2N3250 
2N3250A 


2N3250AJAN 
2N3250AJTX 
2N3250AJTXV 
2N3251 
2N3251A 
2N3251AJAN 
2N3251AJTX 
2N3251AJTXV 
2N3252 
2N3253 


2N3253JAN 
2N3253JANTX 
2N3299 
2N3300 
2N3301 
2N3302 
2N3303 
2N3307 
2N3308 
2N3330 


2N3330JAN 
2N3330JTX 
2N3331 
2N3368 
2N3369 
2N3370 
2N3425 
2N3436 
2N3437 
2N3438 


2N3439 
2N3439JAN 
2N3439JTX 
2N3439JTXV 
2N3440 
2N3440JAN 
2N3440JTX 
2N3440JTXV 
2N3444 
2N3444JAN 


2N3444JANTX 
2N3458 
2N3459 
2N3460 
2N3467 
2N3467JAN 
2N3467JTX 
2N3467JTXV 
2N3468 
2N3468JAN 


6-5 


5-19 
6-6 
6-6 
6-6 


4-99 
4-99 
4-99 
4-99 
4-99 
4-99 
4-99 
4-99 
4-91 
4-91 


4-91 
6-7 
6-7 
6-7 
4-105 
4-105 
4-105 
4-105 
4-105 
4-105 


1-17 


1-15 
1-16 
1-16 


1-19 
1-19 


1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 
1-15 
1-15 


1-15 
1-15 


1-19 


1-18 
1-15 
1-17 


1-30 


1-44 
1-44 


1-31 
1-31 
1-31 


1-32 
1-31 
1-31 


1-17 
1-17 
1-17 
1-17 
1-17 
1-17 
1-17 
1-17 
1-15 
1-15 


1-15 
1-32 
1-31 
1-31 
1-16 
1-16 
1-16 
1-16 
1-16 
1-16 


._- 
Data 
Selector 
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Sheet 
Guide 


Part# 
Page # 
Page # 


2N3468JTX 
4-105 
1-16 
2N3468JTXV 
4-105 
1-16 
2N3485 
4-57 
- 
2N3485A 
4-57 
1-19 
2N3485AJAN 
4-57 
1-19 
2N3485AJTX 
4-57 
1-19 


2N3486 
4-57 
1-19 
2N3486A 
4-57 
1-19 
2N3486AJAN 
4-57 
1-19 
2N3486AJTX 
4-57 
1-19 


2N3494 
4-108 
1-18 
2N3495 
4-108 
1-18 
2N3496 
4-108 
1-18 
2N3497 
4-108 
1-18 
2N3498 
4-111 
1-17 
2N3498JAN 
4-111 
1-17 
2N3498JTX 
4-111 
1-17 
2N3498JTXV 
4-111 
1-17 
2N3499 
4-111 
1-17 
2N3499JAN 
4-111 
1-17 


2N3499JTX 
4-111 
1-17 
2N3499JTXV 
4-111 
1-17 
2N3500 
4-111 
1-17 
2N3500JAN 
4-111 
1-17 
2N3500JTX 
4-111 
1-17 
2N3500JTXV 
4-111 
1-17 
2N3501 
4-111 
- 
2N3501JAN 
4-111 
1-44 
2N3501JTX 
4-111 
1-44 
2N3501JTXV 
4-111 
1-44 


2N3506 
4-117 
1-15 
2N3506JAN 
4-117 
1-15 
2N3506JTX 
4-117 
1-15 
2N3506JTXV 
4-117 
1-15 
2N3507 
4-117 
1-15 
2N3507JAN 
4-117 
1-15 
2N3507JTX 
4-117 
1-15 
2N3507JTXV 
4-117 
1-15 
2N3508 
4-119 
1-15 
2N3509 
4-119 
1-15 


2N3510 
4-121 


_ 
2N3511 
4-121 
_ 
2N3546 
4-124 
1-15 
2N3553 
7-7 
1-43 
2N3553JAN 
- 
1-44 
2N3553JTX 
- 
1-44 
2N3553JTXV 
. 
1-44 
2N3634 
4-127 
1-16 
2N3634JAN 
4-127 
1-16 
2N3634JTX 
4-127 
1-16 


2N3635 
4-127 
1-16 
2N3635JAN 
4-127 
1-16 
2N3635JTX 
4-127 
1-16 
2N3636 
4-127 
1-16 
2N3636JAN 
4-127 
1-16 
2N3636JTX 
4-127 
1-16 
2N3637 
4-127 
1-18 
2N3637JAN 
4-127 
1-18 
2N3637JTX 
4-127 
1-18 
2N3647 
4-121 
1-15 
I 
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2N3648 
4-121 
1-15 
2N3673 
_ 
1-19 
2N3677 
4-133 
2N3700 
4-70 
1-18 
2N3712 
4-134 
1-17 
2N3724 
4-135 
1-15 
2N3724A 
. 
1-15 
2N3725 
4-135 
1-15 
2N3725A 
- 
1-15 
2N3726 
5-20 
1-26 


2N3727 
5-20 
1-27 
2N3734 
4-139 
1-15 
2N3735 
4-139 
1-15 
2N3736 
4-139 
1-15 
2N3737 
4-139 
1-15 
2N3742 
4-141 
1-17 
2N3743 
4-143 
1-18 
2N3743JAN 
4-143 
1-18 
2N3743JTX 
4-143 
1-18 
2N3762 
4-147 
1-16 


2N3762JAN 
4-147 
1-16 
2N3762JTX 
4-147 
1-16 
2N3762JTXV 
4-147 
1-16 
2N3763 
4-147 
1-16 
2N3763JAN 
4-147 
1-16 
2N3763JANTXV 
- 
1-16 
2N3763JTX 
4-147 
1-16 
2N3764 
4-147 
- 
2N3764JAN 
4-147 
1-44 
2N3764JTX 
4-147 
1-44 


2N3764JTXV 
4-147 
1-44 
2N3765 
4-147 
- 
2N3765JAN 
4-147 
1-44 
2N3765JTX 
4-147 
1-44 
2N3796 
6-8 
1-33 
2N3797 
6-8 
1-31 
2N3798 
4-153 
1-16 
2N3799 
4-153 
1-16 
2N3806 
5-22 
1-27 
2N3807 
5-22 
1-27 


2N3808 
5-22 
1-27 
2N3809 
5-22 
1-27 
2N3810 
5-22 
1-27 
2N3810A 
5-22 
1-27 
2N3810JAN 
5-22 
1-44 
2N3810JTX 
5-22 
1-44 
2N3810JTXV 
5-22 
1-44 
2N3811 
5-22 
1-27 
2N3811A 
5-22 
1-27 
2N3811JAN 
5-22 
1-44 


2N3811JTX 
5-22 
1-44 
2N3811JTXV 
5-22 
1-44 
2N3812 
5-22 
1-27 
2N3813 
5-22 
1-27 
2N3814 
5-22 
1-27 
2N3815 
5-22 
1-27 
2N3816 
5-22 
1-27 
2N3816A 
5-22 
1-27 
2N3817 
5-22 
1-27 
2N3817A 
5-22 
1-27 
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n 
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2N3819 
1-34 
2N3821 
6-11 
1-31 
2N3821JAN 
6-11 
1-44 
2N3821JTX 
- 
1-44 
2N3821JTXV 


- 
1-44 
2N3822 
6-11 
1-32 
2N3822JAN 
6-11 
1-44 
| 
2N3822JTX 
. 
1-44 
2N3822JTXV 
- 
1-44 
2N3823 
6-13 
1-34 


2N3823JAN 
_ 
1-44 
2N3823JTX 
- 
1-44 
2N3823JTXV 
- 
1-44 
2N3824 
6-11 
- 
2N3838 
5-25 
1-27 
2N3839 
7-2 
1-38 
2N3866 
7-9 
1-38 
2N3866A 
7-9 
1-44 
2N3866AJAN 
7-9 
1-44 
2N3866AJTX 
7-9 
1-44 


2N3866AJTXV 
7-9 
1-44 
2N3866JAN 
7-9 
1-44 
2N3866JTX 
7-9 
1-44 
2N3866JTXV 
7-9 
1-44 
2N3903 
2-2 
1-2 
2N3904 
2-2 
1-2 
2N3905 
2-7 
1-2 
2N3906 
2-7 
1-2 
2N3909 
6-14 
1-30 
2N3909A 
6-14 
1-31 


2N3946 
4-156 
1-18 
2N3947 
4-156 
1-18 
2N3948 
7-13 
1-42 
2N3959 
7-15 
1-39 
2N3960 
7-15 
1-39 
2N3960JAN 
- 
1-44 
2N3960JTX 
- 
1-44 
2N3960JTXV 
- 
1-44 
2N3962 
4-162 
1-16 
2N3963 
4-162 
1-16 


2N3964 
4-162 
1-16 
2N3965 
4-162 
1-16 
2N3966 
6-15 
- 
2N3970 
6-16 
1-29 
2N3971 
6-16 
1-29 
2N3972 
6-16 
1-30 
2N3993 
6-17 
1-28 
2N3993A 
6-17 
1-28 
2N3994 
6-17 
1-28 
2N3994A 
6-17 
1-28 


2N4013 
4-164 
1-15 
2N4014 
4-164 
1-15 
2N4015 
5-26 
1-27 
2N4016 
5-26 
1-27 
2N4026 
4-168 
1-19 
2N4027 
4-168 
1-19 
2N4028 
4-168 
1-19 
2N4029 
4-168 
1-19 
2N4030 
4-168 
1-16 
2N4031 
4-168 
1-19 
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ALPHANUMERIC INDEX (continued) 


Motorola 
Part ft 


2N4931JAN 
2N4931JTX 
2N4931JTXV 
2N4937 
2N4938 
2N4939 
2N4940 
2N4941 
2N4942 
2N4957 


2N4957JAN 
2N4957JTX 
2N4957JTXV 
2N4958 
2N4959 
2N5022 
2N5023 
2N5031 
2N5032 
2N5058 


2N5059 
2N5086 
2N5087 
2N5088 
2N5089 
2N5108 
2N5109 
2N5109JAN 
2N5109JTX 
2N5109JTXV 


2N5146 
2N5160 
2N5179 
2N5208 
2N5209 
2N5210 
2N5222 
2N5223 
2N5224 
2N5225 


2N5226 
2N5227 
2NS228 
2N5229 
2N5230 
2N5231 
2N5245 
2N5246 
2N5247 
2N5265 


2N5266 
2N5267 
2N5268 
2N5269 
2N5270 
2N5320 
2N5321 
2N5322 
2N5323 
2N5358 


Data 
Sheet 
Page ft 


4-198 
4-198 
4-198 
5-30 
5-30 
5-30 
5-30 
5-30 
5-30 
7-20 


7-20 
7-20 
7-20 
7-20 
7-20 
4-200 
4-200 
7-28 
7-28 
4-202 


4-202 
2-36 
2-36 
2-41 
2-41 
7-31 
7-34 
7-34 
7-34 
7-34 


7-39 
7-41 
2^2 
2-47 
2-47 
2-48 
2-51 
2-52 
2-54 


2-55 
2-56 
2-57 
4-203 
4-203 
4-203 
6-51 
6-51 
6-51 
6-53 


6-53 
6-53 
6-53 
6-53 
6-53 
4-206 
4-206 
4-208 
4-208 


Selector 
Guide 
Page ft 


1-18 
1-18 
1-18 
1-27 
1-27 
1-27 
1-27 
1-27 
1-27 
1-41 


1-44 
1-44 
1-44 
1-41 
1-41 
1-16 
1-16 
1-41 
1-41 
1-17 


1-17 
1-4 
1-4 
1-4 
1-4 
1-38 
1-40 
1-44 
1-44 
1-44 


1-23 
1-43 
1-38 
1-3 
1-4 
1-4 
1-3 


1-20 
1-20 
1-20 
1-34 
1-34 
1-34 
1-30 


1-30 
1-30 
1-30 
1-31 
1-31 


1-31 


Motorola 
Part ft 


2N5359 
2N5360 
2N5361 
2N5362 
2N5363 
2N5364 
2N5400 
2N5401 
2N5415 
2N5415JAN 


2N5415JTX 
2N5415JTXV 
2N5416 
2N5416JAN 
2N5416JANTXV 
2N5416JTX 
2N5457 
2N5458 
2N5459 
2N5460 


2N5461 
2N5462 
2N5463 
2N5464 
2N5465 
2N5484 
2N5485 
2N5486 
2N5550 
2N5551 


2N5555 
2N5556 
2N5557 
2N5558 
2N5581 
2NS581JAN 
2N5581JTX 
2N5581JTXV 
2N5582 
2N5582JAN 


2N5582JTX 
2N5582JTXV 
2N5583 
2N5638 
2N5639 
2N5640 
2N5653 
2N5654 
2N5668 
2N5669 


2N5670 
2N5679 
2N5680 
2N5681 
2N5682 
2N5771 
2N5793 
2N5793JAN 
2N5793JTX 
2N5793JTXV 


Vlli 


Data 
Sheet 
Page ft 


2-59 
2-59 
4-99 
4-99 


4-99 
4-99 
4-99 
4-99 
4-99 
4-99 
6-58 
6-58 
6-58 
6-59 


6-59 
6-59 
6-59 
6-59 
6-59 
6-62 
6-62 
6-62 
2-62 
2-62 


6-64 


4-30 
4-30 
4-30 
4-30 
4-30 
4-30 


4-30 
4-30 
7-46 
6-66 
6-66 
6-66 
6-68 
6-68 
6-70 
6-70 


6-70 
4-210 
4-210 
4-210 
4-210 
2-66 
5-32 
5-32 
5-32 
5-32 


Selector 
Guide 
Page ft 


1-31 
1-31 
1-31 
1-32 
1-32 
1-32 
1-5 
1-5 
1-18 
1-18 


1-18 
1-18 
1-18 
1-18 
1-18 
1-18 
1-31 
1-31 
1-31 
1-30 


1-30 
1-30 
1-30 
1-30 
1-31 
1-33 
1-34 
1-34 
1-5 
1-5 


1-32 
1-31 
1-31 
1-19 
1-19 
1-19 
1-19 
1-19 
1-19 


1-19 
1-19 
1-39 


1-29 
1-29 
1-29 
1-29 
1-34 
1-34 


1-32 
1-18 
1-18 
1-17 
1-17 
1-3 
1-27 
1-44 
1-44 
1-44 


ALPHANUMERIC INDEX (continued) 


Motorola 
Part ft 


2N5794 
2N5794JAN 
2N5794JTX 
2N5794JTXV 
2N5795 
2N5795JAN 
2N5795JTX 
2N5795JTXV 
2N5796 
2N5796JAN 


2N5796JTX 
2N5796JTXV 
2N5829 
2N5835 
2N5836 
2N5837 
2NS859 
2N5861 
2N5943 
2NS947 


2N6255 
2N6256 
2N6304 
2N6305 
2N6426 
2N6427 
2N6428 
2N6428A 
2N6429 
2N6429A 


2N6430 
2N6431 
2N6432 
2N6433 
2N6501 
2N6502 
2N6503 
2N6515 
2N6516 
2N6S17 


2N6518 
2N6519 
2N6520 
2N6603 
2N6603JAN 
2N6603JTXV 
2N6604 
2N6604JAN 
2N6604JTXV 
2N6659 


2N6660 
2N6661 
3N128 
3N155 
3N155A 
3N156 
3N156A 
3N157 
3N157A 
3N158 


Data 
Sheet 
Page ft 


5-32 
5-32 
5-32 
5-32 
5-33 
5-33 
5-33 
5-33 
5-33 
5-33 


5-33 
5-33 
7-48 
7-49 
7-49 
7-49 
4-215 
4-218 
7-61 
7-67 


7-71 
7-74 
7-77 
7-77 
2-67 
2-67 
2-71 
2-71 
2-71 
2-71 


4-221 
4-221 
4-222 
4-222 
5-34 
5-34 
5-34 
2-73 
2-73 
2-73 


2-73 
2-73 
2-73 
7-82 
7-82 
7-82 
7-86 
7-86 
7-86 
6-72 


6-72 
6-72 
6-75 
6-78 
6-78 
6-78 
6-78 
6-79 
6-79 
6-79 


Selector 
Guide 
Page ft 


1-27 
1-44 
1-44 
1-44 
1-27 
1-44 
1-44 
1-44 
1-27 
1-44 


1-44 
1-44 
1-41 
1-39 
1-39 
1-39 


1-15 
1-39 
1-39 


1-42 
1-42 
1-40 
1-40 
1-4 
1-4 
1-4 


1-4 
1-4 


1-17 
1-17 
1-18 
1-18 
1-23 
1-27 
1-27 
1-5 
1-5 
1-5 


1-5 
1-5 
1-5 
1-39 
1-44 
1-44 
1-39 
1-44 
1-44 
1-35 


1-35 
1-35 
1-34 
1-33 
1-33 
1-33 
1-33 
1-33 
1-33 
1-33 


Motorola 
Part ft 


3N158A 
3N169 
3N170 
3N171 
3N201 
3N202 
3N203 
3N204 
3N205 
3N206 


3N209 
3N211 
3N212 
3N213 
BAL99 
BAS16 
BAV70 
BAV74 
BAV99 
BAW56 


BC107,108,109 
BC140 Series 
BC141 Series 
BC160,-6,-10,-16 
BC161,-6,-10,-16 
BC177,178,179 
BC393 
BC394 
BCW20 
BCW29 


BCW30 
BCW31 
BCW32 
BCW33 
BCW60A 
BCW60B 
BCW60C 
BCW60D 
BCW61A 
BCW61B 


BCW61C 
BCW61D 
BCW65A 
BCW65B 
BCW65C 
BCW66F 
BCW66G 
BCW67 
BCW67A 
BCW67B 


BCW67C 
BCW68 
BCW68F 
BCW68G 
BCW68H 
BCW69 
BCW70 
BCW71 
BCW72 
BCW72R 


Data 
Selector 
Sheet 
Guide 
Page ft 
Page ft 


6-79 
1-33 
6-82 
1-33 
6-82 
1-33 
6-82 
1-33 
6-84 
1-36 
6-84 
1-36 
6-84 
1-36 
6-89 
1-36 
6-89 
1-36 


- 
1-36 


6-91 
1-36 
6-96 
1-36 
6-96 
1-36 
6-96 
1-36 
3-2 
1-11 
3-3 
1-11 
3-4 
1-11 
3-5 
1-11 
3-6 
1-11 
3-7 
1-11 


3-8 
1-7 
1-8 


3-8 
1-8 
3-9 
1-7 
3-9 
1-7 
3-9 
1-7 
3-10 
1-7 
3-10 
1-7 
3-10 
1-7 
3-10 
1-7 
3-12 
1-8 
3-12 
1-7 


3-12 
1-7 
3-12 
1-7 
3-14 
1-7 


- 
1-7 


- 
1-7 
3-15 
1-6 


- 
1-6 
3-16 
3-16 
3-16 


3-16 
3-16 
3-16 
3-16 


3-17 
3-17 
3-18 
3-18 


1-8 
1-8 


1-7 


1-7 
1-7 


1-7 
1-7 
1-6 
1-6 


Se^atTve"WrTnheFXrm™™ aVa"able 'r°m M°,0r°la a"h°U9h "0t rePresented in «ni* °°<*- ***** contact your nearest Motorola 


ALPHANUMERIC INDEX (continued) 


Motorola 
Part ft 


BCX17 
BCX18 
BCX19 
BCX20 
BCX51 
BCX52 
BCX53 
BCX54 
BCX55 
BCX56 


BCX68 
BCX69 
BCX70G 
BCX70H 
BCX70J 
BCX70K 
BCX71G 
BCX71H 
BCX71J 
BCX71K 


BCY58,VII,VIII,IX,X 
BCY59,VII,VIII,IX,X 
BCY70.71.72 
BCY78,VH,VIII,IX,X 
BCY79,VII,VIII,IX,X 
BCY66 
BCY67 
BDT70 
BDT71 
BF246 


BF246A 
BF246B 
BF246C 
BFQ17 
BFQ18A 
BFQ19 
BFR30 
BFR31 
BFR90 
BFR91 


BFR92 
BFR92S 
BFR93 
BFR93S 
BFR96 
BFRCS6 
BFS17 
BFS17S 
BFW43.44 
BFW92A 


BFX29 
BFX84,85,86 
BFX89 
BFY90 
BS107 
BS107A 
BS170 
BSS63 
BSS64 
BSS71,72,73 


Data 
Sheet 
Page ft 


3-19 
3-19 


3-20 
3-20 
3-20 
3-21 
3-21 
3-21 


3-22 
3-23 
3-24 
3-24 
3-24 
3-24 
3-26 
3-26 
3-26 
3-26 


3-28 
3-29 
3-30 
3-31 
3-31 
7-90 
7-93 


3-32 
3-32 
3-33 
3-33 
7-96 
7-96 
3-34 
3-34 


7-102 


7-107 
7-107 
6-98 
6-98 
6-99 
3-35 
3-36 


Selector 
Guide 
Page ft 


1-7 
1-8 
1-6 


1-13 
1-13 
1-13 
1-13 
1-13 
1-13 


1-13 
1-13 
1-6 
1-6 
1-6 
1-6 
1-7 
1-7 
1-7 
1-7 


1-30 


1-30 
1-30 
1-30 
1-14 
1-14 
1-14 
1-11 
1-11 
1-39 
1-39 


1-10 
1-10 
1-10 
1-10 
1-39 


1-10 
1-10 


1-39 


1-40 
1-40 
1-35 


1-35 
1-10 
1-10 


Motorola 
Part ft 


BSS74.75.76 
BSS77J8 
BSS79B 
BSS79C 
BSS80B 
BSS80C 
BSS82C 
BSV52 
BSX19.20 
BSX39 


BSX45.-6.-10.-16 
BSX47,-6,-10 
BZX84C 
BZX84C4V7 
BZX84C5V1 
BZX84C5V6 
BZX84C6V2 
BZX84C6V8 
BZX84C7V5 
BZX84C8V2 


BZX84C9V1 
BZX84C10 
BZX84C11 
BZX84C12 
BZX84C13 
BZX84C15 
BZX84C16 
BZX84C18 
BZX84C20 
BZX84C22 


BZX84C24 
BZX84C27 
BZX84C30 
BZX84C33 
J107 
J108 
J109 
J110 
J111 
J112 


J113 
J174 
J175 
J176 
J177 
J201 
J202 
J203 
J270 
J271 


J300 
J304 
J305 
J308 
J309 
J310 
JF1033B 
JF1033S 
JF1033Y 
MD708 


Data 
Sheet 
Page ft 


3-37 


3-38 
3-39 
3-40 


3-41 


3-42 
3-42 
3-42 
3-42 
3-42 
3-42 
3-42 
3-42 


3-42 
3-42 
3-42 
3-42 
3-42 
3-42 
3-42 
3-42 
3-42 
3-42 


3-42 
3-42 
3-42 
3-42 
6-101 
6-101 
6-101 
6-101 
6-104 
6-104 


6-104 
6-105 
6-105 
6-105 
6-105 
6-106 
6-106 
6-106 
6-107 
6-107 


6-108 
6-109 
6-109 
6-110 
6-110 
6-110 
6-112 
6-112 
6-112 
5-38 


Selector 
Guide 
Page ft 


1-6 
1-6 
1-7 


1-7 
1-8 


1-8 


1-12 
1-12 
1-12 
1-12 
1-12 
1-12 
1-12 


1-12 
1-12 
1-12 
1-12 
1-12 
1-12 
1-12 
1-12 
1-12 
1-12 


1-12 
1-13 
1-13 
1-13 
1-30 
1-30 
1-30 
1-30 
1-29 
1-29 


1-30 


1-31 
1-31 
1-31 


1-34 
1-34 
1-34 
1-34 
1-34 


1-24 


Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 


ALPHANUMERIC INDEX (continued) 


Data 
Selector 
Data 
Selector 
Motorola 
Sheet 
Guide 
Motorola 
Sheet 
Guide 
Part ft 
Page ft 
Page ft 
Part ft 
Page ft 
Page ft 


MD708A 
5-38 
1-24 
MD3251AF 
5-67 
1-25 
MD708AF 
5-38 
1-24 
MD3251F 
5-67 
1-25 
MD708B 
5-38 
1-24 
MD3409 
5-71 
1-25 
MD708BF 
5-38 
1-24 
MD3410 
5-71 
1-25 
MD708F 
5-38 
1-24 
MD3467 
5-72 
1-25 
MD918 
5-39 
1-24 
MD3467F 
5-72 
1-25 
MD918A 
5-39 
1-24 
MD3725 
5-76 
1-25 
MD918AF 
5-39 
1-24 
MD3725F 
5-76 
1-25 
MD918B 
5-39 
1-24 
MD3762 
5-79 
1-25 
MD918BF 
5-39 
1-24 
MD3762F 
5-79 
1-25 


MD918F 
5-39 
1-24 
MD4260 
5-82 


_ 
MD982 
5-42 
1-24 
MD4261 
5-82 


_ 
MD982F 
5-42 
1-24 
MD4957 
7-110 
_ 
MD984 
5-43 
1-24 
MD5000 
5-83 
1-25 
MD985 
5-44 
1-24 
MD5000A 
5-83 
1-25 
MD985F 
5-44 
1-24 
MD5000B 
5-83 
1-25 
MD986 
5-46 
1-24 
MD6001 
5-84 
1-25 
MD986F 
5-46 
1-24 
MD6001F 
5-84 
1-25 
MD1120 
5-47 
1-24 
MD6002 
5-84 
1-25 
MD1120F 
5-47 
1-24 
MD6002F 
5-84 
1-25 


MD1121 
5-47 
1-24 
MD6003 
5-84 
1-25 
MD1121F 
5-47 
1-24 
MD6003F 
5-84 
1-25 
MD1122 
5-47 
1-24 
MD6100 
. 
1-25 
MD1122F 
5-47 
1-24 
MD6100F 
_ 
1-25 
MD1123 
5-49 
1-24 
MD7000 
5-88 
1-25 
MD1129 
5-51 
1-24 
MD7001 
5-89 
1-25 
MD1129F 
5-51 
1-24 
MD7001F 
5-89 
1-25 
MD1130 
5-49 
1-24 
MD7002 
5-91 
1-25 
MD1130F 
5^9 
1-24 
MD7002A 
5-91 
1-25 
MD1132 
5-53 
1-24 
MD7002B 
5-91 
1-25 


MD1132F 
5-53 
1-24 
MD7003 
5-92 
1-25 
MD2060F 
1-24 
MD7003A 
5-92 
1-25 
MD2218 
5-54 
1-24 
MD7003AF 
5-92 
1-25 
MD2218A 
5-54 
1-24 
MD7003B 
5-92 
1-25 
MD2218AF 
5-54 
1-24 
MD7003F 
5-92 
1-25 
MD2218F 
5-54 
1-24 
MD7004 


_ 
1-25 
MD2219 
5-54 
1-24 
MD7004F 
_ 
1-25 
MD2219A 
5-54 
1-24 
MD7005 


_ 
1-25 
MD2219AF 
5-54 
1-24 
MD7005F 
_ 
1-26 
MD2219F 
5-54 
1-24 
MD7007 
5-94 
1-26 


MD2369 
5-59 
1-24 
MD7007A 
5-94 
1-26 
MD2369A 
5-59 
1-24 
MD7007B 
5-94 
1-26 
MD2369AF 
5-59 
1-24 
MD7007BF 
5-94 
1-26 
MD2369B 
5-59 
1-24 
MD7007F 
5-94 
1-26 
MD2369BF 
5-59 
1-24 
MD7021 
5-96 
1-26 
MD2369F 
5-59 
1-24 
MD7021F 
5-96 
1-26 
MD2904 
5-62 
1-24 
MD8001 
5-98 
1-26 
MD2904A 
5-62 
1-24 
MD8002 
5-98 
1-26 
MD2904AF 
5-62 
1-24 
MD8003 
5-98 
1-26 
MD2904F 
5-62 
1-24 
MFE120 
6-113 
1-36 


MD2905 
5-62 
1-24 
MFE121 
6-113 
1-36 
MD2905A 
5-62 
1-25 
MFE122 
6-113 
1-36 
MD2905AF 
5-62 
1-25 
MFE130 
6-147 
1-36 
MD290SF 
5-62 
1-25 
MFE131 
6-147 
1-36 
MD3250 
5-67 
1-25 
MFE132 
6-147 
1-36 
MD3250A 
5-67 
1-25 
MFE140 
6-117 
1-36 
MD3250AF 
5-67 
1-25 
MFE521 
_ 
1-36 
MD3250F 
5-67 
1-25 
MFE823 
6-122 
1-33 
MD3251 
5-67 
1-25 
MFE825 
6-123 
1-33 
MD3251A 
5-67 
1-25 
MFE910 
6-124 
1-35 
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MFE930 
6-126 
1-35 
MM3001 
4-228 
1-17 


MFE960 
6-126 
1-35 
MM3002 
4-228 
1-17 


MFE990 
6-126 
1-35 
MM3003 
4-228 
1-17 


MFE2000 
6-129 
1-34 
MM3005 
4-229 
1-17 


MFE2001 
6-129 
1-34 
MM3006 
4-229 
1-17 


MFE2004 
6-130 
1-29 
MM3007 
4-229 
1-17 


MFE2005 
6-130 
1-29 
MM3008 
4-230 
1-17 


MFE2006 
6-130 
1-29 
MM3009 
4-230 
1-17 


MFE2010 
6-132 
1-29 
MM3726 
4-231 
- 


MFE2011 
6-132 
1-28 
MM3903 
4-232 
1-19 


MFE2012 
6-132 
1-28 
MM3904 
4-232 
1-19 


MFE3001 
6-134 


- 
MM3905 
4-234 
1-19 


MFE3002 
6-135 
1-29 
MM3908 
4-234 
1-19 


MFE3003 
6-136 
1-33 
MM4000 
4-236 
1-18 


MFE3004 
6-137 
1-34 
MM4001 
4-236 
1-18 


MFE3005 
6-137 
MM4002 
4-236 
1-18 


MFE4007 


_ 
1-30 
MM4003 
4-236 
1-18 


MFE4009 


. 
1-30 
MM4005 
4-237 
- 


MFE4012 


_ 
1-30 
MM4006 
4-237 
- 


MFE9200 
6-139 
1-35 
MM4007 
4-237 
- 


MFQ930C 
6-142 
1-23 
MM4018 
7-126 
- 


MFQ960C 
6-142 
1-23 
MM4019 
7-128 
- 


MFQ990C 
6-142 
1-23 
MM4036 
4-238 
1-19 


MHQ918 
5-99 
1-22 
MM4037 
4-238 
1-19 


MHQ2221 
5-100 
1-22 
MM4049 
7-130 
1-39 


MHQ2222 
5-100 
1-22 
MM4052 
4-240 
- 


MHQ2369 
5-102 
1-22 
MM4208 
4-241 
- 


MHQ2483 
5-103 
1-22 
MM4209 
4-241 
- 


MHQ2484 
5-103 
1-22 
MM4257 
4-243 
- 


MHQ2906 
5-104 
1-22 
MM4258 
4-243 
1-15 


MHQ2907 
5-104 
1-22 
MM5005 
4-246 
1-18 


MHQ3467 
5-106 
1-22 
MM5006 
4-246 
1-18 


MHQ3546 
5-107 
1-22 
MM5007 
4-246 
1-18 


MHQ3798 
5-108 
1-22 
MM5262 
4-247 
1-15 


MHQ3799 
5-108 
1-22 
MM5415 
4-248 
" 


MHQ4001A 
5-109 
1-22 
MMS416 
4-248 
™ 


MHQ4002A 
MHQ4013 
MHQ4014 


5-109 
5-110 
5-110 


1-22 
1-22 
1-22 


MM6427 
MM8000 
MM8001 


4-249 
7-134 
7-134 
1-40 
1-40 


MHQ6001 
5-112 
1-22 
MM8002 
7-134 


MHQ6002 
5-112 
1-22 
MM8009 
7-136 
1-38 


MHQ6100 
5-113 
1-22 
MMBA811C5 
3-44 
1-7 


MHQ6100A 
MHQ6842 
MHW590 


5-113 


7-114 
1-41 


MMBA811C6 
MMBA811C7 
MMBA811C8 


3-44 
3-44 
3-44 


1-7 
1-7 
1-7 


MHWS91 
7-117 
1-41 
MMBA812M3 
3-45 
1-7 


IWII 1 WW ww 1 
MHW592 
7-120 
1-41 
MMBA812M4 
3-45 
1-7 


MHW593 
7-123 
1-41 
MMBA812M5 
3-45 
1-7 


MM420 
4-223 
1-17 
MMBA812M6 
3-45 
1-7 


MM421 
4-223 
1-17 
MMBA812M7 
3-45 
1-7 


MM8S2 
1-17 
MMBA813S2 
- 
1-7 
IfllflWva* 
MM1S05 
4-224 


. 
MMBA813S3 
- 
1-7 


MM1748 
4-225 
1-15 
MMBA813S4 
- 
1-7 


MM1748A 
MM1941 
4-225 
1-15 
1-17 
MMBB601T 
MMBB709S 


- 
1-7 
1-8 


MM200S 
4-226 


_ 
. 
MMBB709T 
- 
1-8 


MM2258 
4-227 


. 
MMBC1009F1 
3-46 
1-8 


MM2259 
MM2260 
MM3000 


4-227 
4-227 
4-228 
- 


MMBC1009F2 
MMBC1009F3 
MMBC1009F4 


3-46 
3-46 
3-46 


1-8 
1-8 
1-8 
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MMBC1009F5 
3-46 
1-8 
MMBT404A 
3-84 
1-9 
MMBC1321Q2 
3-47 
1-8 
MMBT918 
3-86 
1-8 
MMBC1321Q3 
3-47 
1-8 
MMBT918R 


- 
. 
MMBC1321Q4 
3-47 
1-8 
MMBT930 
3-88 
1-6 
MMBC1321Q5 
3-47 
1-8 
MMBT2222 
3-89 
1-7 
MMBC1621B2 
3-48 
1-8 
MMBT2222A 
3-89 
1-6 
MMBC1621B3 
3-48 
1-8 
MMBT2369 
3-91 
1-8 
MMBC1621B4 
3-48 
1-8 
MMBT2484 
3-92 
1-9 
MMBC1622D6 
3-49 
1-7 
MMBT2907 
3-93 
1-7 
MMBC1622D7 
3-49 
1-7 
MMBT2907A 
3-93 
1-7 


MMBC1622D8 
3-49 
1-7 
MMBT3640 
3-95 
1-8 
MMBC1623L3 
3-50 
1-7 
MMBT3903 
3-96 
1-7 
MMBC1623L4 
3-50 
1-7 
MMBT3904 
3-96 
1-6 
MMBC1623L5 
3-50 
1-6 
MMBT3906 
3-98 
1-7 
MMBC1623L6 
3-50 
1-6 
MMBT3960 


_ 
1-8 
MMBC1623L7 
3-50 
1-6 
MMBT3960A 


_ 
1-8 
MMBC1653N2 
3-51 
1-9 
MMBT4124 
3-100 
1-7 
MMBC1653N3 
3-51 
1-9 
MMBT412S 
3-101 
1-8 
MMBC1653N4 
3-51 
1-9 
MMBT4260 


_ 
1-8 
MMBC1654N5 
3-52 
- 
MMBT4261 
- 
1-8 


MMBC1654N6 
3-52 
1-9 
MMBT4401 
3-102 
1-7 
MMBC1654N7 
3-52 
1-9 
MMBT4403 
3-103 
1-7 
MMBD101 
3-53 
1-12 
MMBT5086 
3-104 
1-9 
MMBD352 
3-54 
1-12 
MMBT5087 
3-104 
1-9 
MMBD501 
3-55 
1-12 
MMBT5088 
3-105 
1-9 
MMBD914 
3-56 
1-11 
MMBT5089 
3-105 
1-9 
MMBD283S 
3-57 
1-11 
MMBT5401 
3-106 
1-9 
MMBD2836 
3-57 
1-11 
MMBT5S50 
3-107 
1-9 
MMBD2837 
3-58 
1-11 
MMBT6427 
3-108 
1-9 
MMBD2838 
3-58 
1-11 
MMBT6428 
3-109 
1-9 


MMBD6050 
3-59 
1-11 
MMBT6429 
3-109 
1-9 
MMBD6100 
3-60 
1-11 
MMBT6S17 
3-110 
MMBD7000 
3-61 
1-11 
MMBT6520 
3-111 


_ 
MMBF4391 
3-62 
1-11 
MMBT6543 
3-112 
1-8 
MMBF4392 
3-62 
1-11 
MMBTA05 
3-113 
1-10 
MMBF4393 
3-62 
1-11 
MMBTA06 
3-113 
1-10 
MMBF4416 
3-63 
1-10 
MMBTA13 
3-114 
1-9 
MMBF4860 
3-64 
1-11 
MMBTA14 
3-114 
1-9 
MMBF5457 
3-66 
1-11 
MMBTA20 
3-115 
1-7 
MMBF5459 
3-67 
1-11 
MMBTA42 
3-116 
1-9 


MMBF5460 
3-68 
1-11 
MMBTA43 
3-116 
1-9 
MMBF5484 
3-69 
1-10 
MMBTAS5 
3-117 
1-10 
MMBF5486 
3-70 
1-10 
MMBTA56 
3-117 
1-10 
MMBFJ310 
3-71 
1-10 
MMBTA63 
3-118 
1-9 
MMBFU310 
3-72 
1-10 
MMBTA64 
3-118 
1-9 
MMBJ930 
3-88 
- 
MMBTA70 
3-119 
1-7 
MMBPU131 
3-73 
1-13 
MMBTA92 
3-120 
1-9 
MMBR901 
3-74 
1-10 
MMBTA93 
3-120 
1-9 
MMBR920 
3-75 
1-10 
MMBTH10 
3-121 
1-8 
MMBR930 
3-76 
1-10 
MMBTH24 
3-122 
1-8 


MMBR931 
3-77 
1-10 
MMBTH81 
3-123 
1-8 
MMBR2060 
3-78 
1-10 
MMBV105G 
3-124 
1-12 
MMBR2857 
3-79 
1-10 
MMBV109 
3-125 
1-12 
MMBR4957 
3-80 
1-10 
MMBV2097 
3-126 
1-12 
MMBR5031 
3-81 
1-10 
MMBV2098 
3-126 
1-12 
MMBR5179 
3-82 
1-10 
MMBV2099 
3-126 
MMBS5060 
3-83 
1-13 
MMBV2100 
3-126 


_ 
MMBSS061 
3-83 
1-13 
MMBV2101 
3-126 
1-12 
MMBS5062 
3-83 
1-13 
MMBV2102 
3-126 
MMBT404 
3-84 
1-9 
MMBV2103 
3-126 
1-12 
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MMBV2104 
3-126 


_ 
MPF112 
6-146 
- 


MMBV2105 
3-126 
- 
MPF130 
6-147 
- 


MMBV2106 
3-126 
- 
MPF131 
6-147 
- 


MMBV2107 
3-126 
- 
MPF132 
6-147 
- 


MMBV2108 
3-126 
1-12 
MPF161 
- 
1-30 


MMBV2109 
3-126 
1-12 
MPF201 
6-150 
1-36 


MMBV3102 
3-127 
1-12 
MPF202 
6-150 
1-36 


MMBV3401 
3-128 
1-12 
MPF203 
6-150 
1-36 


MMBZ5226 
3-129 
1-12 
MPF209 
6-91 
- 


MMBZS227 
3-129 
1-12 
MPF211 
6-155 
1-36 


MMBZ5228 
3-129 
1-12 
MPF212 
6-155 
1-36 


MMBZ5229 
3-129 
1-12 
MPF213 
6-155 
1-36 


MMBZ5230 
3-129 
1-12 
MPF230 
6-160 
- 


MMBZ5231 
3-129 
1-12 
MPF231 
6-160 
- 


MMBZS232 
3-129 
1-12 
MPF232 
6-160 
- 


MMBZS233 
3-129 
1-12 
MPF256 
6-161 
- 
• 


MMBZ5234 
3-129 
1-12 
MPF521 
6-162 
1-36 


MMBZ5235 
3-129 
1-12 
MPF820 
6-166 
- 


MMBZ5236 
3-129 
1-12 
MPF910 
6-124 
1-35 


MMBZ5237 
3-129 
1-12 
MPF930 
6-168 
1-35 


MMBZ5238 
3-129 
1-12 
MPF960 
6-168 
1-35 


MMBZ5239 
3-129 
1-12 
MPF970 
6-169 
1-28 


MMBZ5240 
3-129 
1-12 
MPF971 
6-169 
1-28 


MMBZ5241 
3-129 
1-12 
MPF990 
6-168 
1-28 


MMBZ5242 
3-129 
1-12 
MPF1010 
- 
1-35 


MMBZ5243 
3-129 
1-12 
MPF2608 
6-173 
1-30 


MMBZ5244 
3-129 
1-12 
MPF2609 
6-173 
1-31 


MMBZ5245 
3-129 
1-12 
MPF3330 
6-174 
1-30 


MMBZ5246 
3-129 
1-12 
MPF3821 
6-175 
1-31 


MMBZ5247 
3-129 
1-12 
MPF3822 
6-175 
1-32 


MMBZ5248 
3-129 
1-12 
MPF3823 
6-176 
1-34 


MMBZ5249 
3-129 
1-12 
MPF3824 
6-176 
- 


MMBZ5250 
3-129 
1-12 
MPF3970 
6-177 
1-29 


MMBZ5251 
3-129 
1-12 
MPF3971 
6-177 
1-29 


MMBZ5252 
3-129 
1-12 
MPF3972 
6-177 
1-30 


MMBZ5253 
3-129 
1-13 
MPF4091 
- 
1-29 


MMBZ5254 
3-129 
1-13 
MPF4092 
- 
1-29 


MMBZ5255 
3-129 
1-13 
MPF4093 
6-179 
1-29 


MMBZ5256 
3-129 
1-13 
MPF4117 
6-180 
1-32 


MMBZ5257 
3-129 
1-13 
MPF4117A 
6-180 
1-32 


MMCM918 
MMCM930 


- 
- 
MPF4118 
MPF4118A 
6-180 
6-180 
1-32 
1-32 


MMCM2221 
MMCM2222 
MMCM2369 
MMCM2484 
MMCM2857 
MMCM2906 
MMCM2907 
MMCM3798 


- 


- 


MPF4119 
MPF4119A 
MPF4220 
MPF4220A 
MPF4221 
MPF4221A 
MPF4222 
MPF4222A 


6-180 
6-180 
6-182 
6-182 
6-182 
6-182 
6-182 
6-182 


1-32 
1-32 
1-31 
1-31 
1-32 
1-32 
1-32 
1-32 


MMCM3799 
MMCM3903 
MMCM3904 
MMCM390S 
MMCM3906 
MMCM3S60A 
MPF102 
6-143 
1-34 


MPF4223 
MPF4224 
MPF4339 
MPF4391 
MPF4392 
MPF4393 
MPF4416 


6-183 
6-183 


6-184 
6-184 
6-184 
6-188 


1-34 
1-34 
1-31 
1-29 
1-29 
1-29 
1-34 


MPF108 
MPF109 
MPF111 


6-144 


6-145 


1-34 
1-31 
1-31 


MPF4416A 
MPF4856 
MPF4856A 


6-188 
6-189 
6-189 


1-34 
1-28 
1-28 


Devices with no page nun.ber shown are available Irom Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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MPF4857 
6-189 
1-29 
MPS404 
2-79 
1-5 
MPF4857A 
6-189 
1-29 
MPS404A 
2-79 
1-5 
MPF4858 
6-189 
1-29 
MPS650 
2-83 
1-2 
MPF4858A 
6-189 
1-29 
MPS651 
2-83 
1-2 
MPF4859 
6-189 
1-29 
MPS706 
2-84 
- 
MPF4859A 
6-189 
1-28 
MPS706A 
2-84 
. 
MPF4860 
6-189 
1-29 
MPS708 
2-86 
- 
MPF4860A 
6-189 
1-29 
MPS750 
2-83 
1-2 
MPF4861 
6-189 
1-29 
MPS751 
2-83 
1-2 
MPF4861A 
6-189 
1-29 
MPS751A 
- 
- 


MPF6659 
6-72 
1-35 
MPS834 
2-88 


_ 
MPF6660 
6-72 
1-35 
MPS835 
2-90 
- 
MPF6661 
6-72 
1-35 
MPS918 
2-92 
1-3 
MPF9200 
• 
1-35 
MPS929 
2-94 
- 
MPQ918 
5-114 
1-22 
MPS929A 
2-94 
- 
MPQ1000 
5-115 
1-22 
MPS930 
2-94 
_ 
MPQ1500 
5-116 
1-22 
MPS930A 
2-94 
. 
MPQ2221 
5-100 
1-22 
MPS2222 
2-97 
1-2 
MPQ2221A 
- 
1-22 
MPS2222A 
2-97 
_ 
MPQ2222 
5-100 
1-22 
MPS2369 
2-101 
1-3 


MPQ2222A 
- 
1-22 
MPS2714 
2-103 


_ 
MPQ2369 
5-102 
1-22 
MPS2716 


. 
_ 
MPQ2483 
5-117 
1-22 
MPS2907 
2-104 
1-2 
MPQ2484 
5-117 
1-22 
MPS2907A 
2-104 
. 
MPQ2906 
5-104 
1-22 
MPS2925 


. 
_ 
MPQ2906A 
- 
1-22 
MPS3390 
2-108 


_ 
MPQ2907 
5-104 
1-22 
MPS3391 
2-108 
. 
MPQ2907A 
- 
1-22 
MPS3391A 
2-109 


_ 
MPQ3303 
5-119 
1-22 
MPS3392 
2-108 
_ 
MPQ3467 
5-120 
1-22 
MPS3393 
2-108 
- 


MPQ3546 
5-107 
1-22 
MPS3394 
2-108 


. 
MPQ3724 
- 
- 
MPS3395 
2-108 


_ 
MPQ3725 
5-121 
1-22 
MPS3396 
2-108 


_ 
MPQ3725A 
5-121 
1-22 
MPS3397 
2-108 


_ 
MPQ3762 
5-123 
1-22 
MPS3398 
2-108 


_ 
MPQ3798 
5-125 
1-22 
MPS3402 
2-110 


_ 
MPQ3799 
5-125 
1-22 
MPS3403 
2-110 
. 
MPQ3904 
5-127 
1-22 
MPS3404 
2-111 


_ 
MPQ3906 
5-128 
1-22 
MPS3405 
2-111 


_ 
MPQ6001 
5-130 
1-23 
MPS3563 
2-92 
1-3 


MPQ6002 
5-130 
1-23 
MPS3565 
2-112 


_ 
MPQ6100 
5-133 
1-23 
MPS3566 
2-113 


_ 
MPQ6100A 
5-133 
1-23 
MPS3567 
2-114 


_ 
MPQ6426 
5-135 
- 
MPS3568 
2-114 


_ 
MPQ6427 
5-135 
- 
MPS3S69 
2-114 


_ 
MPQ6501 
5-130 
1-23 
MPS3638 
2-115 


_ 
MPQ6502 
5-130 
1-23 
MPS3638A 
2-115 
•_ 
MPQ6600 
5-133 
1-23 
MPS3640 
2-117 
1-3 
MPQ6600A 
5-133 
1-23 
MPS3644 
2-119 
MPQ6700 
5-137 
1-23 
MPS364S 
2-119 
- 


MPQ6842 
5-141 
1-23 
MPS3646 
2-120 
1-3 
MPQ7041 
5-144 
1-23 
MPS3693 
1-3 
MPQ7042 
5-144 
1-23 
MPS3694 
. 
1-3 
MPQ7043 
5-144 
1-23 
MPS3702 
2-122 
1-2 
MPQ7051 
5-145 
1-23 
MPS3703 
2-122 
MPQ7052 
5-145 
1-23 
MPS3704 
2-123 
1-2 
MPQ7053 
5-145 
- 
MPS3705 
2-123 
MPQ7091 
5-147 
1-23 
MPS3706 
2-123 


_ 
MPQ7092 
5-147 
1-23 
MPS3707 
2-124 


_ 
MPQ7093 
5-147 
1-23 
MPS3710 
2-124 
- 


^SS^C^to?SS^Mo!l!S^n aVailat>,e ,r°m M°,0r0la a"h°U9h n0t r°Presen,ed in ,his book- Pl°<»8e contact your nearest Motorola 


ALPHANUMERIC INDEX (continued) 


Motorola 
Part ft 


MPS3711 
MPS3866 
MPS3866A 
MPS3903 
MPS3904 
MPS3905 
MPS3906 
MPS4248 
MPS4249 
MPS4250 


MPS42S0A 
MPS4257 
MPS4258 
MPS4274 
MPS4275 
MPS4354 
MPS4355 
MPS4356 
MPSS133 
MPS5138 


MPS5139 
MPS5172 
MPS5179 
MPS6172 
MPS6507 
MPS6511 
MPS6512 
MPS6513 
MPS6514 
MPS6S15 


MPS6516 
MPS6517 
MPS6518 
MPS6519 
MPS6S20 
MPS6521 
MPS6522 
MPS6523 
MPS6530 
MPS6531 


MPS6532 
MPS6533 
MPS6534 
MPS6S35 
MPS6539 
MPS6540 
MPS6541 
MPS6543 
MPS6544 
MPS6547 


MPS6548 
MPS6S60 
MPS6561 
MPS6562 
MPS6563 
MPS6S65 
MPS6566 
MPS6568A 
MPS6569A 
MPS6570A 


Data 
Sheet 
Page ft 


124 
125 


2-127 
2-127 
2-133 
2-133 
2-135 
2-135 
2-135 


2-135 
2-137 
2-137 
2-139 
2-139 


2-140 
2-141 


2-142 
2-143 
2-144 


2-146 
2-147 
2-148 
2-148 
2-148 
2-148 


2-148 
2-148 
2-148 
2-148 
2-149 
2-149 
2-149 
2-149 
2-150 
2-150 


2-150 
2-151 
2-151 
2-151 


2-152 
2-153 
2-154 


2-156 


2-156 


2-157 
2-157 
2-158 
2-158 
2-158 


Selector 
Guide 
Page ft 


1-3 


1-4 
1-4 


1-4 


1-3 


1-2 
1-3 


1-2 
1-2 
1-2 


1-2 
1-2 
1-2 
1-4 
1-4 
1-4 
1-4 


1-2 


1-2 


1-3 
1-3 


1-3 


1-3 


1-2 


1-2 


Motorola 
Part ft 


MPS6571 
MPS6573 
MPS6574 
MPS6575 
MPS6576 
MPS6580 
MPS6601 
MPS6602 
MPS6651 
MPS6652 


MPS6714 
MPS6715 
MPS6716 
MPS6717 
MPS6724 
MPS6725 
MPS6726 
MPS6727 
MPS6728 
MPS6729 


MPS6733 
MPS6734 
MPS6735 
MPS8093 
MPS8097 
MPS8098 
MPS8099 
MPS8598 
MPS8599 
MPSA05 


MPSA06 
MPSA09 
MPSA10 
MPSA12 
MPSA13 
MPSA14 
MPSA16 
MPSA17 
MPSA18 
MPSA20 


MPSA25 
MPSA26 
MPSA27 
MPSA28 
MPSA29 
MPSA42 
MPSA43 
MPSA44 
MPSA45 
MPSA55 


MPSA56 
MPSA62 
MPSA63 
MPSA64 
MPSA70 
MPSA75 
MPSA76 
MPSA77 
MPSA92 
MPSA93 


Devices with no pagenumber shown areavailable from Motorola although notrepresented inthisbook 
representative for further information. 


XVI 


Data 
Sheet 
Page ft 


2-160 
2-161 
2-161 
2-161 
2-161 
2-162 
2-163 
2-163 
2-163 
2-163 


2-168 
2-168 
2-169 
2-169 
2-170 
2-170 
2-171 
2-171 
2-172 
2-172 


2-173 
2-173 
2-173 
2-174 
2-175 
2-176 
2-176 
2-176 
2-176 
2-181 


2-181 
2-186 
2-187 
2-188 
2-189 
2-189 
2-190 
2-190 
2-192 
2-196 


2-197 
2-197 
2-197 
2-199 
2-199 
2-201 
2-201 
2-203 
2-203 
2-181 


2-181 
2-206 
2-206 
2-206 
2-207 
2-208 
2-208 
2-208 
2-210 
2-210 


Selector 
Guide 
Page ft 


1-2 


1-2 


1-2 
1-2 
1-2 
1-2 
1-4 
1-4 
1-2 
1-2 
1-2 
1-2 


1-5 
1-5 
1-5 


1-4 
1-2 
1-2 
1-2 
1-2 
1-2 


1-2 
1-4 


1-4 
1-4 
1-4 
1-5 
1-5 
1-4 
1-2 


1-4 
1-4 
1-4 
1-4 
1-4 
1-5 
1-5 
1-5 
1-5 
1-2 


1-2 
1-4 
1-4 
1-4 
1-2 
1-4 
1-4 
1-4 
1-5 
1-5 


Please contact your nearest Motorola 
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ALPHANUMERIC INDEX (continued) 
1 
Data 
Selector 
Motorola 
Sheet 
Guide 
Part ft 
Page ft 
Page ft 


MRF8004 
7-251 
1-42 
MSD6100 
2-265 
1-5 
MSD6102 
2-266 
1-5 
MSD61S0 
2-267 
1-5 
MWA110 
7-253 
1-41 
MWA120 
7-253 
1-41 
MWA130 
7-253 
1-41 
MWA210 
7-261 
1-41 
MWA220 
7-261 
1-41 
MWA230 
7-261 
1-41 


MWA310 
7-267 
1-41 
MWA320 
7-267 
1-41 
MWA330 
7-267 
1-41 
MWA110H 
- 
- 
MWA120H 
- 
- 
MWA130H 
- 
- 
MWA210H 
- 
- 
MWA220H 
- 
- 
MWA230H 
- 
- 
MWA310H 
- 
- 


MWA320H 
- 
- 
MWA330H 
- 
- 
MXR3866 
3-130 
1-14 
MXR5160 
3-131 
1-14 
MXR5S83 
3-132 
1-14 
MXR5943 
3-133 
1-14 
MXT3904 
3-134 
1-13 
MXT3906 
3-136 
1-13 
MXTA14 
3-138 
1-14 
MXTA27 
3-139 
1-14 


MXTA42 
3-140 
1-14 
MXTA43 
3-140 
1-14 
MXTA44 
3-141 
1-14 
MXTA64 
3-142 
- 
MXTA77 
3-143 
1-14 
MXTA92 
3-144 
1-14 
MXTA93 
3-144 
1-14 
PN2222 
- 
- 
PN2222A 
- 
- 
PN2907 
- 
- 


PN2907A 
- 
- 
PN3644 
- 
- 
PN3645 
- 
- 
U308 
6-191 
1-34 
U309 
6-191 
1-34 


U310 
6-191 
1-34 


Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 


XVIII 


The following selector guides highlight transistors that have 
emerged as the best values in their various categories. Semi 
conductors are manufactured by "batch" processes; therefore, 
each "batch" may yield devices with widely varying parameters, 
creating "families." 
A large selection of plastic-encapsulated transistors is offered 
(TO-92, 1 Watt TO-92, SOT-23, SOT-89, Duals, and Quads). 
For those applications where higher power dissipation and 
hermelicity are required, Motorola offers a full lineof transistors 
in several metal-can packages. 
FET's include devices developed for operation from dc to UHF 
in switching and amplifying applications. 
A broad line of high frequency (RF) transistors with F-r-'s up 
to 8 GHz are included for amplifiers, oscillators, mixers and 
switching applications. 
Devices which are qualified to JAN, JANTX, JANTXV, and 
JANS high reliabilityspecifications are so noted in the applicable 
selector guides. 
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Selector Guides 
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1 
Plastic-Encapsulated Small-Signal Transistors 


CASE 29-03 


1 WATT TO-92 


Motorola's small-signal TO-92 plastic transistors encom 
pass hundreds of devices with a wide varietyof character 
istics for general purpose, amplifier and switching appli 
cations.The popularhigh-volume TO-92 packagecombines 
proven reliability, performance, economy andconvenience 
to providethe perfect solution for industrialand consumer 
design problems. All Motorola TO-92 devices are laser 
marked for ease of identification and shipped in antistatic 
containers, as part of Motorola's ongoing practiceof main 
taining the highest standardsof quality and reliability. 


In addition to the standard TO-92 devices listed in the 
following tables. Motorola also offers special electrical se 
lections of these devices. Please contact your Motorola 
Sales Representative regarding any special requirements 
you may have. 
In each of the following tables, the major specifications 
of the TO-92 transistor are given for easy comparison. 
Motorola TO-92 transistors are available in the radial or 
axial tape and reelformats. Lead formingto fitTO-5orTO- 
18 sockets is also available. 


TABLE 1. General-Purpose Transistors 
These general-purpose transistors are designed for small-signal amplification from dc to low radio frequencies. They are also useful 
asoscillators and general-purpose switches. The transistors are listed in order ofdecreasing breakdown voltage. V(BR)CEO- 


Pp @ Ta = 25°C = 625 mW) 


Device and Polarity 


NPN 
PNP 


MPS6099 
MPS8599 
MPS-A06 
MPS-A56 
MPS8098 
MPS8598 
MPS-A05 
MPS-A55 


MPS6S1 
MPS751 
2N3904 
2N3906 


2N4401 
2N4403 
2N3903 
2N390S 
2N4400 
2N4402 


MPS-A20 
MPS-A70 
MPS650 
MPS7S0 
MPS6531 
MPS6534 
MPS2222 
MPS2907 


2N4123 
2N4125 
MPS3704 
MPS3702 


MPS6S13 
MPS6517 
2N4124 
2N4126 
MPS6514 
MPS6518 
MPS6515 
MPS6519 
MPS5172 
MPS6560 
MPS6S62 


MPS6601 
MPS6651 


V(BR}CEO 
Volts 
MIn 


SO 
80 
60 
60 
60 
40 
40 
40 
40 
40 
40 
40 
30 
30 
30 
30 
25 
25 
25 
25 
25 
25 


Ft 
@ 
MHz 
ic 
MIn 
mA 


150 
10 


100 
10 
150 
10 
100 
10 
75 
50 
300 
10 
250 
20 
250 
10 
200 
20 
125 
5.0 
75 
50 
390t 
50 
250 
20 
250 
10 
100 
50 
330t 
10 
300 
10 
480t 
10 
480 
10 


60 
10 
100 
50 


ic 
mA 
Max 
MIn 


200 
100 
500 
50 
200 
100 
500 
50 
2000 
40 
200 
100 
600 
100 
200 
50 
600 
50 
100 
40 
2000 
40 
600 
90 
600 
100 
200 
50 
600 
100 
100 
90 
200 
120 
100 
150 
100 
250 
100 
100 
500 
50 
1000 
30 


HFE 


Max 


300 


300 


300 
300 
150 
150 
400 


270 
300 
150 
300 
180 
360 
300 
500 
500 
200 
150 


ic 
mA 


1.0 


100 


1.0 
100 
2000 


10 


150 


100 
150 


5.0 


2000 


100 


150 


2.0 
50 


2.0 


2.0 


2.0 


2.0 


10 
600 


1000 


1 WATT TO-92 (TO-226AE) (Pq @TA = 25°C = 1.0W) 


MPS6717 
MPS6729 
80 
50 
200 
500 
80 
— 
50 


MPSW06 
MPSW56 
80 
50 
200 
500 
60 
— 
50 


MPS6716 
MPS6728 
60 
50 
200 
500 
80 
— 
50 


MPSW05 
MPSW55 
60 
50 
200 
500 
80 
— 
50 


MPS6715 
MPS6727 
40 
50 
50 
1000 
50 
— 
1000 


MPSW01A 
MPSW51A 
40 
50 
50 
1000 
50 
— 
1000 


MPS6714 
MPS6726 
30 
50 
50 
1000 
50 
— 
1000 


MPSW01 
MPSW51 
30 
50 
50 
1000 
50 


~" 
1000 


tTyp 


MOTOROLA SEMICONDUCTORS 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 2. High-Speed Saturated Switching Transistors 
The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 
processedtoprovidevery shortswitching times and lowoutputcapacitance (below 6pF). The transistors are listed in orderofdecreasing 
turn-ontime (ton). 


Device 
Type 


NPN 


ton 
& 


Max 


♦off 
ns 
Max 
ic 
mA 


V(BR)CEO 
Volts 
MIn 
hFE 
MIn 


@ 
ic 
mA 


vCE(sat) 
Volts 
Max 
'C 
mA 
>B 
mA 


«T 
MHz 
MIn 
ic 
mA 


2N4264 
25 
35 
10 
15 
40 
10 
0.22 
10 
1.0 
300 
10 
2N4265 
25 
35 
10 
12 
100 
10 
0.22 
10 
1.0 
300 
10 
MPS3646 
18 
28 
300 
15 
30 
30 
0.2 
30 
3.0 
350 
30 
MPS2369 
12 
18 
10 
15 
40 
10 
0.25 
10 
1.0 
500 
10 
PNP 


in 
25 
w 


25 


15 


15 


35 


20 


20 


50 


10 


10 


12 


12 


15 


30 


30 


50 


10 


50 


10 


0.2 


0.15 


0.18 


10 


10 


10 


1.0 


1.0 


1.0 


500 


700 


850 


10 


10 


10 


TABLE 3. RF/UHF/VHF Amplifiers and CATVTransistors 
The transistors listed beloware high performance, high frequency standard transistors. The transistors are listed in orderofdecreasina 
fj min. 
" 


Device 
mIz 
< 
5> 
"C 
CCD 
PF 
V(BR)CEO 
Volte 
aJS 
NF 
( 
dB 
f 
( 
VAGC 


§ 
Gain 
Reduction 
Type 
MIn 
Typ 
mA 
Max 
MIn 
MIn 
Max 
MHz 
MIn 
dB 
MPS5179 
900 
5.0 
1.0 
12 
15 
4.5 
200 
MPS-H17 
600 
1600 
5.0 
0.9 
15 
24f 
6.0 
200 
MPS6543 
750 
1100 
4.0 
1.0 
25 
MPS-H10 
650 
1500 
4.0 
0.65' 
25 
MPS-H11 
650 
1400 
4.0 
0.7 
25 
MPS6547 
600 
1100 
2.0 
0.35T 
25 
MPS918 
600 
800 
4.0 
1.7 
15 
15 
6.0 
60 
MPS3563 
600 
800 
8.0 
1.7 
12 
14 
MPS3866 
500 
50 
30 
10 
MPS-H08 
400 
700 
3.0 
0.3" 
30 
14 
3.5 
200 
5.0" 
30 
MPS-H34 
500 
700 
15 
0.32 
45 
MPS6539 
500 
1000 
4.0 
0.7 
20 
4.5 
100 
2N5222 
450 
1000 
4.0 
1.3 
15 
MPS-H07 
400 
700 
3.0 
0.3' 
30 
18 
3.2 
100 
5.0 
30 
MPS-H24 
400 
800 
8.0 
0.36 
30 
MPS-H20 
400 
750 
4.0 
0.65 
30 
MPS6540 
350 
700 
2.0 
0.65 
30 
MPS-H32 
300 
450 
4.0 
0.22 
30 
22.5 
3.3f 
45 
5.5f 
30 
MPS-H30 
300 
450 
4.0 
0.65 
20 
22.5 
6.0 
45 
4.4 
30 
MPS3693 
200 
400 
10 
3.5 
45 
4.0f 
1.0 
MPS3694 
200 
400 
10 
3.5 
45 
4.0t 
1.0 
MPS-H04 
80 
120 
1.5 
1.6 
80 
2.0 
1.0 
MPS-H05 
1 
80 
120 
1.5 
1.6 
80 
2.0 
1.0 
PNP 


MPS-H81 
600 
700 
5.0 
0.65* 
20 
2N5208 
300 
600 
2.0 
1.0 
25 
22 
3.0 
100 
MPS-H54 
80 
130 
1.5 
1.6 
60 
2.0 
1.0 
MPS-H55 
80 
130 
1.5 
1.6 
80 
'Cee 
"lAGC 
tTyp 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. Darlington Transistors 
Darlington amplifiers are cascade transistors used in applications requiring very high gain and input impedance. These devices have 
monolithic construction andarelisted inorder ofdecreasing voltage, V(br)CES- 


Device and Polarity 
V(BR)CES 
Volts 
hpe 


) 
'C 
ic 
mA 
fT 
@ 
MHz 
Ic 
VCEfsat) 
@ 
Volts 
Ic 
IB 


NPN 
PNP 
MIn 
MIn 
mA 
Max 
MIn 
mA 
Max 
mA 
mA 


MPS-A29 
100 
10000 
100 
500 
125 
10 
2.0 
100 
0.1 


MPS-A28 
80 
10000 
100 
500 
125 
10 
2.0 
100 
0.1 


MPS-A27 
60 
10000 
100 
500 
125 
10 
1.5 
100 
0.1 


MPSA77 
60 
10000 
100 
300 
125 
10 
1.5 
100 
0.1 


MPS-A26 
SO 
10000 
100 
500 
125 
10 
1.5 
100 
0.1 


MPSA76 
50 
10000 
100 
300 
125 
10 
1.5 
100 
0.1 


2N6426 
40 
30000 
100 
500 
150 
10 
1.5 
500 
0.5 


2N6427 
40 
20000 
100 
500 
130 
10 
1.5 
500 
0.5 


MPSA25 
40 
10000 
100 
500 
125 
10 
1.5 
100 
0.1 


MPSA75 
40 
10000 
100 
300 
125 
10 
1.5 
100 
0.1 


MPSA14 
MPSA64 
30 
20000 
100 
300 
125 
10 
1.5 
100 
0.1 


MPSA13 
MPSA63 
30 
10000 
100 
300 
125 
10 
1.5 
100 
0.1 


MPSD04 
MPSD54 
25 
1000 
100 
300 
100 
10 
1.0 
100 
0.1 


MPSA12 
MPSA62 
20 
20000 
10 
300 
1.0 
10 
0.01 


1 WATT TO-92 


MPS6725 
50 
25K 
200 
1000 
100 
200 
1.5 
1000 
2.0 


MPS6724 
40 
25K 
200 
1000 
100 
200 
1.5 
1000 
2.0 


MPSW45 
40 
25K 
200 
1000 
100 
200 
1.5 
1000 
2.0 


MPSW14 
MPSW64 
3.0 
20K 
100 
1000 
125 
10 
1.5 
100 
0.1 


MPSW13 
MPSVV63 
30 
10K 
100 
1000 
125 
10 
1.5 
100 
0.1 


TABLE 5. Low-Noise Amplifier Transistors 
The small-signal transistors listed in this table are characterized for low-noise amplification at low frequencies. The transistors are 
listedin decreasingorder of noise figure(NF). 


NPN 


2N6428 
2N4123 
2N6429 
2N4124 
2N6428A 
2N8429A 
2N5209 
2N5088 
MPS6520 
MPS6521 
2N5210 
MPS8097 
2N5089 
MPSA18 
MPSA09 


PNP 


6.0 
6.0 
5.0 
5.0 
4.0 Max 
3.5 Max 
3.0 Max 
3.0 
3.0 
3.0 
2.0 Max 
2.0 Max 
2.0 Max 
1.5 Max 
1.4 


2N4125 
5.0 


2N4126 
4.0 
2N5086 
3.0 
MPS6522 
3.0 
MPS6523 
3.0 
MPS4249 
3.0 


2N5087 
2.0 
MPS4250 
2.0 
•MPS4250A 
2.0 


•Audto - 
10 Hz to 15.7 kHz. 


Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
1.0 kHz 


Audio 
Audio 
Audio 
Audio 
Audio 
1.0 kHz 
Audio 
1.0 kHz 
1.0 kHz 
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50 
30 
45 
25 
50 
45 
50 
30 
25 
25 
50 
40 
25 
45 
50 


250 
50 
500 
120 
250 
500 
150 
300 
200 
300 
250 
250 
400 
500 
100 


10 
2.0 
10 
2.0 
10 
10 
10 
10 
2.0 
2.0 
10 
0.1 
10 
10 
0.1 


100 
250 
100 
300 
100 
100 
30 
50 
390t 
390t 
30 
200 
50 
100 
30 


1.0 
10 
1.0 
10 
1.0 
1.0 
0.5 
0.5 
2.0 
2.0 
0.5 
10 
0.5 
1.0 
0.5 


30 
50 
2.0 
200 
10 


25 
120 
2.0 
250 
10 


50 
150 
10 
40 
0.5 


25 
200 
2.0 
340f 
2.0 


25 
300 
2.0 
340t 
2.0 


60 
100 
10 
100 
1.0 


60 
250 
10 
40 
0.5 


40 
250 
10 
250 
1.0 


60 
250 
0.1 
250 
1.0 


tTyp 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 
TABLE 6. High-Voltagetransistors^ 
These high-voltage transistors are designed for driving neon bulbs and Nixie* indicator tubes, for direcfline operation, and for other 
applications requiring high-vottage capability at relatively low collectorcurrent. The devices are Usted in order ofdecreasing breakdown 
voltage. V(BRjCE0. 


Device 
Type 


NPN 


v(BH|CEO 


MIn 


ic 
Amp* 
Max 


MPS-A44 
400 
0.3 
2N6517 
350 
0.5 
MPS-A45 
350 
0.3 
2N6516 
300 
0.5 
MPS-A42 
300 
0.5 
2N6515 
250 
0.5 
MPS-A43 
200 
0.5 
MPS-DOt 
200 
0.1 
2N5551 
160 
0.6 
2N5550 
140 
0.6 
MPS-101 
120 
0.15 


1 WATT TO-92 


MPS6735 
300 
0.3 
MPSW10 
300 
0.3 
MPSW42 
300 
0.3 
MPS6734 
250 
0.3 
MPSW43 
200 
0.3 
MPS6733 
200 
0.3 


PNP 


2N6520 
350 
0.5 
2N6519 
300 
0.5 
MPS-A92 
300 
0.5 
2N6518 
250 
0.5 
MPS-A93 
200 
0.5 
MPS-D51 
200 
0.1 
2N5401 
150 
0.6 
2N5400 
120 
0.6 
MPS-L51 
100 
0.6 


1 WATT TO-92 


Hfe 
MIn 
ic 
mA 


MPSW60 
MPSW92 
MPSW93 


300 
300 
200 


0.3 
40 
30 
0.3 
25 
30 
0.3 
30 
30 


TABLE 7. Choppers 


Devices are listed In decreasing (Vjbrjebo 


Device 
Type 


NPN 


MPSA17 
MPSA16 


PNP 
I 
MF 
| 
MF 
MPS404A 
MPS404 


v(BRJFBO 


MIn 


ic 
Amp* 
Max 


100 
100 


150 
150 


hFE 
MIn 


200 
200 


'C 
mA 


5.0 
5.0 


vCE(sat) 
Volts 
Max 
'C 
mA 
>B 
mA 


«T 
MHz 
MIn 
IC 
mA 


0.75 
0.30 
0.75 
0.30 
0.5 
0.30 
0.4 


0.15 
0.15 


2.0 
0.75 
0.50 
2.0 
0.4 
2.0 


0.30 
0.30 
0.8 
0.30 
0.7 


0.5 
0.5 
0.25 


0.75 
0.50 
0.40 


vCE(sat) 
Volts 
Max 


0.25 
0.25 


0.20 
0.20 


50 
5.0 
20 
10 
10 
1.0 
40 
10 
50 
5.0 
20 
10 
10 
1.0 
40 
10 
20 
2.0 
50 
10 
10 
1.0 
40 
10 
20 
2.0 
50 
10 
40 
10 
10 
1.0 
100 
10 
10 
1.0 
100 
10 
60 
10 


20 
2.0 
50 
10 
30 
3.0 
45 
10 
20 
2.0 
50 
10 
20 
2.0 
50 
10 
20 
2.0 
50 
10 
20 
2.0 
50 
10 


10 
1.0 
40 
10 
10 
1.0 
40 
10 
20 
2.0 
50 
10 
10 
1.0 
40 
10 
20 
2.0 
50 
10 
40 
10 
50 
0.5 
100 
10 
50 
0.5 
100 
10 
10 
1.0 
60 
10 


1 
20 
2.0 
60 
10 
20 
2.0 
50 
10 
1 
20 
2.0 
50 
10 


ic 
mA 
>B 
mA 


1.0 
1.0 


MHz 
MIn 


100 
60 


<C 
mA 


D 


TABLE 8. Dual Diodes 
cSHSSUSS '0r US°ln '0W"~ WaSing" Steering- ^ V°"age d°Ubler app'ica,,on8 inc,udi"9 "»*•. «•»»cathode and 


Device 
Typo 


MSD6100 
MSO6102 
MSD6150 


Description 
Switching 
Common Cathode 
Common Anode 
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» 


100 
70 
70 


'(BR) 
mA 


too 
100 
100 


IR 
*«A 
Max 


0.1 


0.1 
0.1 


1-5 


Volts 


vF 
Volts 
|p 
Mln/Max 
mA 


0.67/0.82 
0.67/1.0 
-/t.O 


@ 
CVR = 0 
PF 
Max 


1.5 
3.0 
8.0 


4.0 
100 
100 


MOTOROLA SEMICONDUCTORS 


I 


Microminiature Products 


SOT-23 
SOT-89 


CASE 345-01 


Microminiature Space Saving Alternatives for Discrete Devices 


Awide variety of discrete components from Motorola's repertoire 
of reliability-proven semiconductor processes and geometries 
are available in SOT (Small Outline Transistor) packages. Prod 
ucts include Bipolar and Field-Effect Transistors; Switching, 
Zener and Varactor Diodes; and Silicon Controlled Rectifiers. 
The surface-mounted SOT devices are currently being used by 
circuit designers on Printed CircuitBoards and Ceramic Substrate. 
Some of the significant features of the SOT devices are; 
• \iComplete Pretest Capability— all SOT's are 100% elec 
trically tested. 
• Handlingand Assembly Ease — SOT's can be placed on 
substrates either manually or by using automated handling 
equipment. 
• Reliability — SOT's are subjected to the same rigid relia 
bilitytest performed on all Motorola plastic packages. 
• Small Size/Less Weight— Considerable size reduction and 
weight-saving is achieved in circuit designs using SOT 
technology. 
• Broad Line— Currently, Motorola offers over 250 standard 
discrete devices in the SOT packages. (Inquiries regarding 
customers' special requirements are invited.) 
• Marking Capability —Amulti-digit code islasermarkedon 
every SOT device. 


TABLE 1. General-Purpose SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


NPN 


Multi-Sources — Although Motorola was the first domestic 
supplier of SOT's, today there are several U.S. manufac 
turers, as well as many foreign sources for these devices. 


Packaging — Motorola standard shipping method for 
SOT's is in vials; additionally, in conjunction with the in 
dustry trend to use automatic placement equipment for 
microminiature components, Motorola offers the SOT-23 
packaged in the 8mm tape and reel format. 


Standard SOT-23 VS Low Profile SOT-23 — Motorola of 
fers both the standard SOT-23 outline (TO-236AA) and the 
new "Low Profile" SOT-23 (TO-236AB). The only difference 
is the clearance from the bottom of the package to the 
surface of the substrate: 


Device 


Millimeters 
Inches 


MIn 
Max 
MIn 
Max 


Standard SOT-23 
0.10 
0.25 
0.004 
0.0098 


Low Profile SOT-23 
0.01 
0.10 
0.0005 
0.00-i0 


The "LowProfile"package is primarilydesigned forcustomers 
using two-sided printed circuit boardswith the SOT-23's mounted 
on the "bottom side" of the board, and with the nonsurface 
mounted device on the "top side." Contact your Motorola rep 
resentative forordering instructionson "LowProfile"SOT-23's. 


Device Type 
Marking 
VBR(CEO) 


hFE 
*T 


MIn 
Max 
® 'C (mA) 
MIn (MHz) 


BCX70K 
AK 
45 
380 
630 
2 
125 


BCX70J 
AJ 
45 
250 
460 
2 
125 


BCW72 
K2 
45 
200 
450 
2 
— 


BCX70H 
AH 
45 
180 
310 
2 
125 


BCW66G 
EG 
45 
160 
400 
100 
100 


BCX70G 
AG 
45 
120 
220 
2 
125 


BCW71 
K1 
45 
110 
220 
2 
— 


BCW66F 
EF 
45 
100 
250 
100 
100 


BCX19 
U1 
45 
100 
600 
100 
200 


MMBT930 
1X 
45 
100 
300 
1 
30 


MMBC1623L7 
L7 
40 
300 
600 
1 
200 


MMBC1623L6 
L6 
40 
200 
400 
1 
200 


MMBC1623L5 
L5 
40 
135 
270 
1 
200 


BSS79C 
CF 
40 
100 
300 
150 
250 


MMBT2222A 
1P 
40 
100 
300 
150 
200 


MMBT3904 
1A 
40 
100 
300 
10 
200 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 1. General-Purpose SOT-23 Transistors (continued) 
Pinout: 1-Base, 2-Emitter, 3-Collector 


Devices are listed in order of descending breakdown voltage. 


NPN 


Device Type 
Marking 
VBR(CEO) 


"FE 
*T 


MIn 
Max 
@ <C (mA) 
MIn (MHz) 


MMBT4401 
2X 
40 
100 
300 
150 
250 
MMBC1623L4 
L4 
40 
SO 
180 
1 
200 
MMBC1623L3 
L3 
40 
60 
120 
1 
200 
MMBT3903 
1Y 
40 
50 
150 
10 
250 
BSS79B 
CE 
40 
40 
120 
150 
250 
MMBTA20 
IC 
40 
40 
400 
5 
125 
MMBC1622D8 
D8 
35 
450 
300 
5 
100 
MMBC1622D7 
D7 
35 
300 
600 
5 
100 
MMBC1622D6 
D8 
35 
200 
400 
5 
100 
BCW60D 
AD 
32 
380 
630 
2 
125 
BCW60C 
AC 
32 
250 
460 
2 
125 
BCW65C 
EC 
32 
250 
630 
100 
100 
BCW60B 
AB 
32 
180 
310 
2 
125 
BCW65B 
EB 
32 
160 
400 
100 
100 
BCW60A 
AA 
32 
120 
220 
2 
125 
BCW65A 
EA 
32 
100 
250 
100 
100 
MMBT2222 
1B 
30 
100 
300 
150 
250 
MMBB601T 
ZA 
25 
400 
650 . 
2 
BCW20 
U2 
25 
100 
600 
100 
MMBT4124 
ZC 
25 
60 
—' 
50 
300 
BCW33 
D3 
20 
420 
00 
2 
BCW32 
D2 
20 
200 
450 
2 
BCW31 
D1 
20 
110 
220 
2 
— 


PNP 


Device Type 
Marking 
VBR(CEO) 


"FE 
*T 


MIn 
Max 
@ >C (mA) 
MIn (MHz) 


BSS82C 
CM 
60 
100 
300 
150 
100 
MMBT2807A 
2F 
60 
100 
300 
150 
200 
MMBA811C8 
C8 
45 
450 
900 
5 
50 
BCX71K 
BK 
45 
380 
630 
2 
MMBA811C7 
C7 
45 
300 
600 
5 
50 
BCX71J 
BJ 
45 
250 
460 
2 
BCW70 
H2 
45 
215 
500 
2 
__ 
MMBA811C6 
C6 
45 
200 
400 
5 
50 
BCX71H 
BH 
45 
180 
310 
2 
BCW68G 
DG 
45 
160 
400 
100 
100 
MMBA811C5 
C5 
45 
135 
270 
5 
50 
BCW69 
H1 
45 
120 
260 
2 
BCX71G 
BG 
45 
120 
220 
2 


_ 
BCW68F 
DF 
45 
100 
250 
100 
100 
BCX17 
T1 
45 
100 
600 
100 
100 
MMBA813S4 
S4 
45 
100 
200 
50 
100 
MMBA813S3 
S3 
45 
75 
150 
50 
100 
MMBA813S2 
S2 
45 
50 
100 
50 
100 
MMBA812M7 
M7 
40 
300 
600 
1 
150 
MMBA812M6 
M6 
40 
200 
400 
1 
150 
MMBA812M5 
M5 
40 
135 
270 
1 
150 
MMBT2907 
2B 
40 
100 
300 
150 
200 
MMBT3906 
2A 
40 
100 
300 
10 
250 
MMBT4403 
2T 
40 
100 
300 
150 
200 
MMBA812M4 
M4 
40 
90 
180 
1 
150 
MMBA812M3 
M3 
40 
60 
120 
1 
150 
BSS60B 
CH 
40 
40 
120 
150 
200 
BSSBOC 
CJ 
40 
40 
120 
150 
200 
MMBTA70 
2C 
40 
40 
400 
5 
125 
BCW61D 
BD 
32 
380 
630 
2 
BCW61C 
BC 
32 
250 
460 
2 
BCW67C 
EC 
32 
250 
630 
100 
100 
BCW61B 
BB 
32 
160 
310 
2 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 1. General-Purpose SOT-23 Transistors (continued) 
Pinout: 1-Base, 2-Emitter, 3-CoIlector 


Devices are listed in order of descending breakdown voltage. 


PNP 


Device Type 
Marking 
VBR(CEO) 


hpE 
*T 


MIn 
Max 
@ >C (mA) 
Mln (MHz) 


BCW67B 
DB 
32 
160 
400 
100 
100 


BCW61A 
BA 
32 
120 
220 
2 
— 


BCW67A 
DA 
32 
100 
250 
100 
100 


MMBT4125 
ZD 
30 
60 
80 
50 
200 


MMBB709T 
ZB 
25 
400 
650 
2 
— 


MMBB709S 
ZB 
25 
290 
460 
2 
— 


BCX18 
T2 
25 
100 
600 
100 
— 


BCW30 
C2 
20 
215 
500 
2 
— 


BCW29 
C1 
20 
120 
260 
2 


TABLE 2. SOT-23 Switching Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 


Device 
Marking 


Switching Time (ns) 


VBR(CEO) 


r>FE 


ton 
toff 
MIn 
Max 
@ »C(mA) 
frMIn(MHz) 


MMBT2369 
U 
12 
18 
15 
40 
120 
10 
— 


BSX39 
02 
12 
18 
14 
40 
200 
10 
— 


BSV52 
B2 
12 
18 
12 
40 
120 
10 
400 


MMBC1621B4 
B4 
20 
40 
20 
90 
180 
1.0 
200 


MMBC1621B3 
B3 
20 
40 
20 
60 
120 
1.0 
200 


MMBC1621B2 
B2 
20 
40 
20 
40 
80 
1.0 
20 


PNP 
| 
MMBT3640 
I 
2J 
25 
| 
35 
12 
30 
120 
10 
500 


TABLE 3. SOT-23 Transistors, VHF/UHF Amplifiers, Mixers, Oscillators 
Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 


Device 


MMBT3960A 
MMBT3960 
MMBT6543 
MMBTH10 
MMBC1321Q2 
MMBC1321Q3 
MMBC1321Q4 
MMBC1321Q5 
MMBT918 
MMBTH24 
MMBC1009F1 
MMBC1009F2 
MMBC10O9F3 
MMBC1009F4 
MMBC1009F5 


PNP 


MMBT4260 
MMBT4261 
MMBTH81 


Marking 
MIn (GHz) 


1T 
1.600 


15 
1.600 
3F 
0.750 
3E 
0.650 
Q2 
0.600 
Q3 
0.600 
04 
0.600 
Q5 
0.600 
3B 
0.600 


3A 
0.400 


F1 
0.150 
F2 
0.150 


F3 
0.150 


F4 
0.150 


F5 
0.150 


2R 
2S 
3D 


2.000 
2.000 
0.600 


@ 'C (mA) 


30 
30 


4 


4 


2 


2 


2 


2 


4 


8 


1 


1 


1 


1 


1 


VBR(CEO) 


8 


3 
25 
25 
25 
25 
25 
25 
15 
30 
25 
25 
25 
25 
25 


10 
10 
20 


Cob 
Max(pF) 


2.00 
2.00 
1.00 
.70 
1.80 
1.80 
1.60 
1.80 
1.70 
.36 
3.50 
3.50 
3.50 
3.50 
3.50 


2.50 
2.50 
.85 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 4. Chopper Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


PNP 


Device 
Marking 
VBR(EBO) 
VBR(CEO) 


HFE 


MIn 
Max 
® 'C (mA) 
MMBT404 
MMBT404A 
2M 
2N 
12 
25 
24 
35 
30 
30 
400 
400 
12 
12 


TABLE5. SOT-23 DarlingtonTransistors 
Pinout:1-Base, 2-Emitter,3-Collector 


NPN 


Device 
Marking 
HFE 


VBR(CEO) 
vCE(sat) 
Max(V) 
MIn 
Max 
@ 'C (mA) 
MMBTA14 
MMBT6427 
MMBTA13 


1N 
1V 
1M 


20 K 
10 K 
10K 
100 K 
100 
10 
100 


30 
40 
30 


1.5 
1.5 
1.5 
PNP 


MMBTA64 
1 
MMBTA63 
2V 
2U 
10 K 
5.0 K 
10 
10 
30 
30 
1.5 
1.5 


TABLE 6. Low-Noise SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


NPN 


Device 
Marking 
NFdB 
OVP) 
VBR(CEO) 
HFE 


MIn (MHz) 
MIn 
Max 
@ !C (mA) 
MMBT5088 
MMBTS089 
MMBT2484 
MMBT8428 
MMBT6429 


1Q 
1R 
1U 
IK 
1L 


1.0 
1.0 
3.0 
3.0 
3.0 


30 
25 
60 
50 
45 


300 
400 
100 
250 
500 


900 
1200 
600 
650 
1250 


1.0 
1.0 
0.01 
1.0 
1.0 


50 
50 
15 
100 
100 
PNP 


' 
MMBT5087 
MMBT5086 
2Q 
2P 
1.0 
1.5 
50 
50 
250 
150 
800 
500 
1.0 
1.0 
40 
40 


TABLE 7. High-Voltage SOT-23 Transistors 
Pinout:1-Base. 2-Emitter,3-Coilector 


NPN 


Device 


MMBTA42 
MMBTA43 
MMBC1654N5 
MMBC1654N6 
MMBC1654N7 
MMBT5550 
MMBC1653N2 
MMBC1653N3 
MMBC1653N4 


PNP 


MMBTA92 
MMBTA93 
MMBT5401 


Marking 


1D 
1E 
N5 
N6 
N7 
1F 
N2 
N3 
N4 


2D 
2E 
2L 
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VBR(CEO) 


300 


200 


160 


160 


160 


150 


130 


130 


130 


300 
200 


150 


MIn 


40 
40 


150 


100 


50 


60 


150 


100 


50 


40 


40 


60 
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hpE 


Max 


330 
220 


130 
250 
330 
220 
130 


240 


'C(mA) 


10 


10 


15 


15 


15 


10 


15 


15 


15 


*T 
MIn(MHz) 


50 
50 


120 
120 


120 


100 
120 


120 


120 


10 
50 
10 
50 
10 
100 
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TABLE 8. SOT-23 Driver Transistors 
Pinout: 1-Base, 2-Emltter, 3-Collector 


NPN 


Device 
Marking 
VBR(CEO) 


hFE 
«T 
MIn (MHz) 
MIn 
Max 
@ 'C (mA) 


MMBTA06 
BSS64 
MMBTA05 


1G 
AM 
1H 


80 
80 
60 


50 
20 
50 


80 
10 
4.0 
10 


100 
50 
100 


PNP 


BSS63 
MMBTA56 
MMBTA55 


BM 
2G 
2H 


TABLE 9. RF SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


100 
80 
60 


30 
50 
50 


10 
10 
10 


50 
100 
100 


NPN 
tT 
NF 
Mag 


Device 
Marking 
Typ (GHz) 
'C(mA) 
VCE(V) 
Typ(dB) 
@ >C (mA) 
VCE(V) 
Typ(dB) 
@ >C (mA) 
VCE(V) 


f 
(MHz) 


MMBR930 
BFR92 
7C 
PI 
5.5 
4.5 
30 
14 
5.0 
10 
1.9 
3.0 
2.0 
3.0 
5.0 
1.5 
15.5 
30 
5.0 
500 


BFR92S 
P5 
4.5 
14 
10 
3.0 
3.0 
1.5 
•~ 


BFR93 
R1 
4.5 
30 
5.0 
3.0 
2.0 
5.0 
— 


BFR93S 
MMBR931 
MMBR2060 
MMBR5179 
MMBR920 
MMBR901 
MMBR5031 


R6 
7D 
7E 
7H 
7B 
7A 
7G 


4.5 
3.5 
2.5 
1.5 
5.0 
4.0 
2.0 


30 
1.0 
20 
5.0 
14 
15 
5.0 


5.0 
1.0 
10 
6.0 
10 
10 
6.0 


3.0 
2.7 
2.0 
4.0 
2.4 
2.3 
1.9 


2.0 
0.5 
1.5 
1.5 
2.0 
5.0 
1.0 


5.0 
1.0 
10 
6.0 
10 
6.0 
6.0 


18 
13 
11.0 
17 
10.5 
13.5 


1.0 
20 
5.0 
14 
15 
5.0 


1.0 
10 
6.0 
10 
10 
6.0 


500 
500 
450 
1000 
1000 
450 


MMBR2857 
BFS17 
7K 


E1 
1.0 
1.0 
4.0 
2.0 


10 
5.0 
5.0 
2.0 
5.0 
— 
- 
- 
30 
30 
| BFS17S 
E5 
1.0 
2.0 
5.0 
5.0 
2.0 
| 
5.0 
I 


PNP 
| MMBR4957 I 
7F 
I 
2.0 
| 
2.0 
I 
10 
I " 
| 
2.0 
I 
" 
1 
14.5 
| 
2.0 
I 
10 
| 
450 


TABLE 10. RFJunction Field-Effect SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


N-CHANNEL 


Device 
Marking 


NF 
Y|8 
V(BR)GSS 
Typ (dB) 
f (MHz) 
MIn (mmhos) 
Max (mmhos) 
VdsOO 


MMBFU310 
MMBF5484 
MMBF5486 
MMBF4416 
MMBFJ310 


6C 
6B 
6H 
6A 
6T 


1.5 
2.0 
2.0 
2.0 
| 
4.0 


100 
100 
100 
100 
450 


10 
3.0 
4.0 
4.5 
8.0 


18 
6.0 
8.0 
7.5 
18 


10 
15 
15 
15 
10 


-25 
-25 
-25 
-30 
-25 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 11. General-Purpose Field-Effect SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 


N-CHANNEL 


I 
- 
Marking 
V(BR)GSS 


Yfs 
IDSS 
Device 
MIn(mmhos) 
Max (mmhos) 
VDS(V) 
MIn (mA) 
Max (mA) 
MMBF5457 
BFR30 
BFR31 
MMBF5459 


6D 
M1 
M2 
6L 


-25 
-25 
-25 
-25 


1.0 
1.0 
1.5 
2.0 


5.0 
4.0 
4.5 
6.0 


15 
10 
10 
15 


1.0 
4.0 
1.0 
4.0 


5.0 
10 
5.0 
16 
P-CHANNEL 


MMBF5460 
6E 
40 
1.0 
4.0 
15 


TABLE 12. Chopper/Switches, Junction Field-Effect SOT-23 Transistors 


N-CHANNEL 


1.0 
5.0 
3 


Device 
Marking 
rDS(on) 
Max (Ohms) 
toff 
Max (ns) 
V(BR)GSS 
v<GS)off 
'DSS 
Mln(V) 
Max(V) 
MIn (mA) 
Max (mA) 
MMBF4391 
MMBF4860 
MMBF4392 
MMBF4393 


6J 
6F 
6K 
6G 


30 
40 
60 
100 


20 
50 
35 
55 


-30 
-30 
-30 
-30 


-4.0 
-2.0 
-2.0 
-0.5 


-10 
-6.0 
-5.0 
-3.0 


50 
20 
25 
5.0 


150 
100 
75 
30 


TABLE 13. SOT-23 Switching Diodes 
(Dual Unless Otherwise Noted) 
Diode Pinout: Noted Below 


Device 


MMBD2836 
BAW56 
MMBD2835 
BAV74 
MMBD2838 
BAV70 
MMBD2837 
MMBD6100 
MMBD914 
BAS16 
BAL99 
MMBD6050 
BAV99 
MMBD7000 


Marking 


A2 


A1 
A3 
JA 
A6 
A4 
A5 
5B 
5D 
A6 
TF 
5A 
A7 
5C 


Description 


Common Anode 
Common Anode 
Common Anode 
Common Cathode 
Common Cathode 
Common Cathode 
Common Cathode 
Common Cathode 
Single 
Single 
Single 
Single 
Series 
Series 
NOTES: (1) lF= Ir - 10mA, Vr = 5.0V. Irr - 1.0mA 
(2)If = lR - 10mA. Vr = 6.0 V, Irr = 1.0mA 
(3)Pinout:1-Anode,2-Anode,3-Cathode 
(4)Pinout:1-Anode,2-Cathode.3-Cathode and Anodo 
(5) Pinout: 1-Cathode, 2-Cathode, 3-Anode 
(6) Pinout: 1-Anodo,2-N.C. 3^athode 
(7) Pinout: 1-N.C, 2-Anode,3-Cathode 
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Max 
(ns) 


6(1) 


6(1) 
6(1) 
2(2) 
6(1) 
6(1) 
6(1) 
15(1) 
4(2) 
6(1) 
6(1) 
10(1) 


6(1) 
15(1) 


VBR 
Mln(V) 


75 
70 


35 


50 


75 


70 


35 


70 
100 
75 
70 


70 


70 


100 
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•r 
Max 
(M) 


0.1 
2.5 
0.1 
0.1 
0.1 
2.5 
0.1 
0.1 
0.05 
1.0 
2.5 
0.1 
2.5 
0.3 


MIn(V) 


0.85 


0.85 


0.75 


vF 


Max(V) 


1.0 


1.1 
1.0 
1.0 
1.0 


1.1 
1.0 
1.1 
1.0 
0.715 
1.1 
1.1 


1.1 


1.1 


@ If (mA) 


10 
50 
10 
100 
10 
50 
10 
100 
10 
1.0 
50 
100 
50 
100 


CVR 
Max(pF) 


4.0 
1.5 
4.0 
2.0 
4.0 
1.5 
4.0 
2.5 
4.0 
2.0 
1.5 
2.5 
1.5 
1.5 
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TABLE 14. SOT-23 Tuning Diodes 
Tuning Diode Pinouts: 1-Anode, 2-N.C, 3-Cathode 


MIn 
(pF) 


CT 


Max 
(PF) 
@Vr 
(V) 


Capacitance 
Ratio 


MIn 
Max 
MIn 
@Vr 
(V) 
&f 
(MHz) 


"S 


Max 
(ohms) 


Vf 


Max 
(V) 
@If 
(mA) 


»R 


Max 
0*A) 
@Vr| 
(V) 


TUNING DIODES 


MMBV2097 
4K 
30 
10 
.8 
1.2 
4 
2 
2.6 
325 
4 
100 
- 
- 
- 
.02 
25 


MMBV2098 
4L 
1.8 
2.7 
2.8 


MMBV105G 
4E 


30 
10 


1.8 
2.8 
2.5 
4 
6 
150 
(D 
100 


- 
- 
.05 
28 


MMBV2101 
4G 
6.1 
7.5 
4 
2.5 
3.3 
450 
4 
50 
.02 
25 


MMBV2103 
4H 
9.0 
11 
2.6 
400 
— 
— 
— 


MMBV3102 
4C 
30 
10 
20 
25 
3 
4.5 
— 
300 
3 
50 
— 
— 
— 
.1 
25 


MMBV2108 
4X 
30 
10 
24.3 
29.7 
4 
2.7 
3.3 
300 
4 
50 
— 
— 
— 
.02 
25 


MMBV109 
4A 
30 
10 
26 
32 
.3 
5 
6.5 
280 
3 
50 
— 
— 
— 
.02 
25 


MMBV2109 
4J 
30 
10 
29.7 
36.3 
4 
2.7 
3.3 
200 
4 
50 
— 
— 
— 
.02 
25 


"PIN" CHANNEL SWITCH 


MMBV3401 
4D 
35 
10 
20 
- 
- 
- 
~ 
I 
~ 
- 
I -1 
I « 


HOT CARRIER DIODES 


MMBD101 


MMBD352 (Dual) 


MMBD501 


4M 


5G 


5F 


4 


50 


Notes: (1)Voltage suchthatCj = 90 pF. 


10 


.25 


10 


TABLE 15. SOT-23 Zener Diodes 
Pinout 1-Anode, 2-N.C,3-Cathode (Tolerance ± 5%) 


VZ (Norn) 
Volts 


3.3 
3.6 
3.9 
4.3 
4.7 
5.1 
5.6 
6.0 
6.2 
6.8 
7.5 
8.2 
8.7 


9.1 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
22.0 
24.0 


U.S. 
Standards 


MMBZ5226 
MMBZ5227 
MMBZ5228 
MMBZ5229 
MMBZ5230 
MMBZ5231 
MMBZ5232 
MMBZ5233 
MMBZ5234 
MMBZ5235 
MMBZ5236 
MMBZ5237 
MMBZ5238 
MMBZ5239 
MMBZ5240 
MMBZ5241 
MMBZ5242 
MMBZ5243 
MMBZ5244 
MMBZ5245 
MMBZ5246 
MMBZ5247 
MMBZ5248 
MMBZ5249 
MMBZ5250 
MMBZ5251 
MMBZ5252 
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Device 
Marking 


8A 
8B 
8C 
8D 
8E 
8F 
8G 
8H 
8J 
8K 
8L 
6M 
8N 
6P 
8Q 
8R 
8S 
8T 
8U 
8V 
8W 
8X 
8Y 
8Z 
81A 
81B 
81C 
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Pro-Electron 
Equivalent 


BZX84C4V7 
BZX84C5V1 
BZX84C5V6 


BZX84C6V2 
BZX84C6V8 
BZX84C7V5 
BZX84C8V2 


BZX84C9V1 
BZX84C10 
BZX84C11 
BZX84C12 
BZX84C13 


BZX84C15 
BZX84C16 


BZX84C18 


BZX84C20 
BZX84C22 
BZX84C24 


.50 


1.2 


10 
.25 


Device 
Marking 


Z1 
Z2 


Z3 


Z4 


Z5 
Z6 
Z7 


ZB 
Z9 


Y1 
Y2 
Y3 


Y4 
Y5 


Y6 


Y7 
Y8 
Y9 
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TABLE 15. SOT-23 Zener Diodes (continued) 
Pinout 1-Anode, 2-N.C, 3-Cathode (Tolerance ± 5%) 


VZ (Norn) 
U.S. 
Device 
Pro-Electron 
Device 
Votts 
Standards 
Marking 
Equivalent 
Marking 
25.0 
MMBZ5253 
81D 
27.0 
MMBZ5254 
81E 
BZX84C27 
Y10 
28.0 
MMBZ5255 
81F 
30.0 
MMBZ5256 
81G 
BZX84C30 
Y11 
33.0 
MMBZ5257 
81H 
BZX84C33 
Y12 


TABLE 16. SOT-23 Silicon Controlled Rectifier 
Rectifier Pinouts: 1-Cathode, 2-Gate, 3-Anode 


Device 
Marking 
lF(mA) 
VFXM (mA) 
lGT(/*A) 
VGT(V) 
lH (mA) 


to5S 
888 
cocoto 
CDCOCO 
SSS 
sss 


5T 
5S 
5R 


500 
500 
500 


100 
50 
25 


200 
200 
200 


.8 
.8 
.8 


5 


5 


5 


TABLE 17. SOT-23 Silicon Programmable Unijunction Transistors 
Transistor Pinouts: 1-Cathode, 2-Gate, 3-Anode 


Device 
Marking 
hTRM(Amp) (1) 
rjSM (Amp) (2) 


MMBPU131 
SZ 
1 


NOTES: 
1. Repetitive Peak Forward Current 
100 ita Pulse Width 
1.0% Duty Cyde 
2. Non-Repetitive Peak Forward Current 
10 <is Pulse Width 
3. Vs = lOVdc, Rq = 1.0mll 


TABLE 18. SOT-89 Transistors 
Pinout: 1-Base, 2-Coileetor, 3-Emitter 


General Purpose 


NPN 


1 


Max QiA) lp (3) 
MIn (V) VT 
Max(V) 
Max (fiA) ly (3) 
Max(V)Vp 


50 
1.5 


"FE 


MIn (MHz) 
Device 
VBR(CEO) 
MIn 
Max 
@ Ic (mA) 


BCX56 
80 
40 
160 
150 
50 
BCX55 
60 
40 
160 
150 
50 
BCX54 
45 
40 
250 
150 
50 
MXT3904 
40 
100 
300 
10 
300 
BCX68 
20 
85 
375 
500 
65 
PNP 


BCX53 
80 
40 
160 
BCX52 
60 
40 
160 
BCX51 
45 
40 
250 
MXT3906 
40 
100 
300 
BCX69 
20 
85 
375 


150 
50 
150 
50 
150 
50 
10 
250 
500 
65 
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MICROMINIATURE PRODUCTS (continued) 


TABLE 18. SOT-89 Transistors (continued) 
Pinout: 1-Base, 2-Collector, 3-Emitter 


High Voltage 


NPN 


MXTA44 
MXTA42 
MXTA43 


PNP 


MXTA92 
MXTA93 


Darlingtons 


Device 


NPN 


MXTA27 
MXTA14 


PNP 


MXTA77 


RF 


400 


300 
200 


300 
200 


MIn 


10 K 
10 K 


10K 


50 
40 


50 


40 
30 


"FE 


Max 


200 


200 


150 


@ Ic (mA) 


10 


10 
30 


10 
30 


VBR(CBO) 


60 
30 


60 


50 


50 


50 


VCE(sat) 
Max(V) 


1.5 
1.5 


1.5 


J 


D 


ZJ 


Device 


*T 
VBR(CEO) 


"FE 


MIn (MHz) 
lc(mA) 
MIn 
Max 
lc(mA) 


BFQ19 
BFQ18A 
MXR5943 
BFQ17 
MR3866 


4000 
3200* 
1200 
1200 
500 


50 


50 
150 
50 


15 
15 
30 
25 
30 


25 
25 
25 
25 
10 


300 


200 


50 
50 
50 
50 
50 


PNP 


MXR5583 
MXR5160 


1000 
500 
40 
50 


30 
40 
25 
10 
100 
100 
50 


Typ 
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Metal Small-Signal Transistors 


CASE 20-03 
TO-72 


Motorola Small-Signal Metal Can Transistors are designed for 
use as General-PurposeAmplifiers,High-Speed Switches, High- 
Vottage Amplifiers, Low-Level/Low-Noise Amplifiers, High-Fre 
quency Oscillators,Choppers, and Darlingtons.These devices 
are manufactured in a variety of packages, i.e., TO-18, TO-39, 


TO-46, TO-52, and TO-72. 
The following selector guide tables also indicate those Mo 
torola small-signal metal can transistors which are qualified to 
MIL-19500 hlgh-rel requirements. Devices are available in the 
JAN, JANTX, JANTXV and JANS versions as specified. 


TABLE 1. Switching Transistors 


The following devices are intended for use in general-purpose switching and amplifier applications. Within each packagegroup 
shown, the devices are listed in order of decreasing turn-ontime (ton). 


Package 


NPN 


Device 
Type 


ton 
ns 
& 
Max | 


«off 
na 
@ Ic 
Max 
| mA 


V(BR)CEO 
Volts 
MIn 


IC 
mA 
Max 
hFE @ 'C 
MIn | mA 


vCE(sat) 
Volts 
Max 
ic 
@ 'B 
mA | mA 


*T 
MHz 
MIn 
«C 
mA 


TO-18 
2N2S40 
40 
40 
150 
30 
100 
150 
0.45 
150 
15 
250 
20 
2N914" 
40 
40 
200 
15 
150 
12 
10 
0.7 
200 
20 
300 
20 
2N4014 
35 
60 
500 
50 
1000 
35 
500 
0.52 
500 
50 
300 
50 
2N4013 
35 
60 
500 
30 
1000 
35 
500 
0.42 
500 
50 
300 
50 
2N2501 
15 
25 
300 
20 
10 
500 
0.3 
50 
5.0 
350 
10 
2N2369 
12 
18 
100 
15 
500 
20 
100 
0.25 
10 
1.0 
500 
10 
2N2369Af 
12 
18 
10 
15 
200 
40 
10 
0.2 
10 
1.0 
500 
10 
2N3227 
12 
18 
100 
20 
50 
30 
100 
0.25 
10 
1.0 
500 
10 


TO-39 
2N3444" 
50 
70 
500 
50 
20 
500 
0.6 
500 
50 
175 
50 
2N3253" 
50 
70 
500 
40 
25 
500 
0.6 
500 
50 
175 
50 
2N3735# 
48 
60 
1000 
50 
1500 
20 
1000 
0.5 
500 
50 
250 
50 
2N3734 
48 
60 
1000 
50 
1500 
30 
1000 
0.5 
500 
50 
250 
50 
2N3252 
45 
70 
500 
30 
30 
500 
0.5 
500 
50 
200 
50 
2N3506# 
45 
80 
1500 
40 
3000 
40 
1500 
1.0 
1500 
150 
60 
100 
2N3507# 
45 
90 
1500 
50 
3000 
30 
1500 
1.0 
1500 
150 
60 
100 
2N3725 
35 
60 
500 
50 
2000 
35 
500 
0.52 
500 
50 
300 
50 
2N3725A 
35 
60 
500 
30 
1200 
35 
500 
0.52 
500 
50 
300 
50 
2N3724 
35 
60 
500 
30 
2000 
35 
500 
0.42 
500 
50 
300 
50 
2N3724A 
35 
60 
500 
30 
1200 
35 
500 
0.42 
500 
50 
300 
50 
MM5262 
30 
60 
1000 
50 
2000 
25 
1000 
0.8 
1000 
100 
350(typ) 
50 
2N5861 
25 
60 
500 
50 
2000 
25 
500 
0.5 
500 
50 
200 
50 
2N3303 
15 
25 
1000 
— 
1000 
20 
10 
0.7 
1000 
100 
450 
100 


TO-46 
2N3736 
48 
60 
1000 
30 
1500 
30 
1000 
0.5 
500 
50 
250 
50 
2N3737* 
48 
60 
1000 
50 
1500 
20 
1000 
0.5 
500 
50 
250 
50 
2N3647 
20 
25 
150 
10 
500 
25 
150 
0.4 
150 
15 
350 
15 
2N3648 
16 
18 
150 
15 
500 
30 
150 
0.4 
150 
15 
450 
15 
2N3508 
12 
18 
10 
20 
500 
40 
10 
0.25 
10 
1.0 
500 
10 
2N3509 
12 
18 
10 
20 
500 
100 
10 
0.25 
10 
1.0 
500 
10 


TO-52 
MM1748 
6.0 
15 
10 
— 
150 
20 
10 
600 
5.0 
MM 1748A 
10 
15 
10 
— 
150 
20 
10 
— 
— 
— 
600 
5.0 
PNP 


TO-18 
2N2894 
2N869A" 
2N3546 
2N4208 
MM4258 
2N4209 


60 
50 
40 
15 
15 
15 


"JAN/JANTX available 


SMALL-SIGNAL DEVICES 


90 
80 
30 
20 
20 
20 


30 
30 
50 
10 
10 
10 


200 
200 


200 
80 
50 


tJAN/JANTX/JANTXV/JANS available 


1-15 


40 
40 
25 
30 
30 
40 


30 
30 
50 
10 
10 
50 


0.2 
30 
3.0 
400 
30 
0.2 
30 
3.0 
400 
10 
0.25 
50 
5.0 
700 
10 
0.15 
10 
1.0 
700 
10 
0.15 
10 
1.0 
700 
10 
0.6 
50 
5.0 
850 
10 


#JAN/JANTX/JANTXV available 


MOTOROLA SEMICONDUCTORS 


METALSMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Switching Transistors (continued) 


Package 
Device 
Type 


»on 
toff 
ns 
& 
ns 
@ 
Ic 
Max | 
Max 
| mA 


V(BR)CEO 
Volts 
MIn 


ic 
mA 
Max 
hpE @ 'C 
MIn | mA 


VCE(sat) 
Volts 
@ 
Ic 
@ IB 
Max 
| mA | mA 


fT 
MHz 
MIn 
ic 
mA 


PNP 


TO-39 
2N3634# 
400 
600 
50 
140 
1000 
50 
50 
0.5 
50 
5.0 
150 
30 


2N3635# 
400 
600 
50 
140 
1000 
100 
50 
0.5 
50 
5.0 
200 
30 


2N3636* 
400 
600 
50 
175 
1000 
50 
50 
0.5 
50 
5.0 
150 
30 


2N4036 
110 
700 
150 
65 
1000 
40 
150 
0.65 
150 
15 
60 
50 


2N4030 
100 
240(ryp) 
500 
60 
1000 
15 
1000 
1.0 
1000 
100 
100 
50 


2N4031 
100 
240(typ) 
500 
60 
1000 
10 
1000 
0.5 
500 
50 
100 
50 


2N4032 
100 
240(typ) 
500 
60 
1000 
40 
1000 
1.0 
1000 
100 
150 
50 


2N4033# 
100 
240(typ) 
500 
80 
1000 
25 
1000 
0.5 
500 
50 
150 
50 


2N4406 
75 
225 
1000 
80 
1500 
20 
1000 
0.7 
1000 
100 
150 
50 


2N4407 
75 
225 
1000 
80 
1500 
30 
1000 
0.7 
1000 
100 
150 
50 


2N3245 
55 
165 
500 
50 
1000 
30 
500 
0.6 
500 
50 
150 
50 


2N3244 
50 
185 
500 
40 
1000 
50 
500 
0.5 
500 
50 
175 
50 


2N3467# 
40 
90 
500 
40 
100 
40 
500 
0.5 
500 
50 
175 
50 


2N3468# 
40 
90 
500 
50 
1000 
25 
500 
0.6 
500 
50 
150 
SO 


2N3762# 
43 
115 
1000 
40 
1500 
30 
1000 
0.9 
1000 
100 
180 
50 


2N3763# 
43 
115 
1000 
60 
1500 
20 
1000 
0.9 
1000 
100 
150 
50 


2N4404 
40 
210 
500 
80 
1000 
30 
500 
0.5 
500 
50 
200 
50 


2N4405" 
40 
210 
500 
80 
1000 
50 
500 
0.5 
500 
50 
200 
50 


2N5022 
40 
90 
500 
— 
500 
25 
1000 
0.8 
1000 
100 
170 
50 


2N5023 
40 
90 
500 
500 
40 
1000 
0.7 
1000 
100 
200 
50 


tJAN/JANTX/JANTXV/JANSavailable 
#JAN/JANTX/JANTXV available 
•JAN/JANTX available 


TABLE 2. High-Gain Low-Noise Transistors 


These transistors arecharacterized for high-gain and low-noise applications. Devices arelisted indecreasing order ofNF. 


Package 
Device 
Type 


NF 
Wideband 
Typ* Max 
dB 


V(BR)CEO 
Volts 
MIn 


ic 
mA 
Max 


"C 
hpE 
@ 
**A 
MIn 
| 
Max 
| 
mA* 


♦t 
MHz 
<a 
MIn 
| 
ic 
mA 


NPN 


TO-18 
2N2484# 
2N930A 
2N930" 


8.0" 
3.0 
3.0 


60 
45 
45 


50 
30 
30 


100 
100 
100 


500 
300 
300 


10 
10 
10 


15 
I 
45 
' 
30 


0.05 
0.5 
0.5 
J 


NPN DARLIIS 
I 
TO-18 


IGTON 


MM6427 
40 
300 
5000 
10' 
125 
100 
| 


PNP 


TO-18 
2N3962 
2N3963 
2N3965 
2N3964 
2N3798 
2N3799 


10 
10 
8.0 
4.0 
3.5 
2.5 


60 
80 
60 
45 
60 
60 


200 
200 
200 
200 
50 
50 


100 
100 
250 
250 
150 
300 


450 
450 
600 
600 
450 
900 


1.0 
1.0 
1.0 
1.0 
500 
500 


40 
40 
50 
50 
30 
30 


0.5 
0.5 
0.5 
0.5 
0.5 
0.5 


TO-46 
2N2604 
2N2605# 
4.0 
4.0 


45 
45 


0 
30 
40 
100 
120 
300 
0.01 
0.01 
30 
30 
0.5 
0.5 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. High-Frequency Amplifiers/Oscillators 


The transistors shown are designed for use as both oscillators and amplifiers at UHF and VHF frequencies. Devices are listed in 
decreasing order ofV(br)CEO wltn eacnline- 


Package 
Device 
Type 


V(BR)CEO 
Volts 
MIn 
hpE 
@ 
>C 
MIn 
| 
mA 
MIn 


NF 
dB 
@ 
f 
Max 
| 
MHz 


fT 
MHz 
@ 
lC 
MIn 
| 
mA 


cobo 
PF 
Max 


NPN 


TO-18 
MM 1941 
20 
25 
10 
7.0 
— 
— 
600 
10 
2.5 


TO-72 
2N918f 
15 
20 
3.0 
15 
6.0 
60 
600 
4.0 
1.7 


PNP 


TO-18 
2N3307 
35 
40 
2.0 
17 
4.5 
200 
300 
2.0 
1.3 


TO-72 
2N4261# 
2N4260 
15 
15 
30 
30 
10 
10 


— 
— 


— 
1600 
2000 
10 
10 
2.5 
2.5 


•JAN available 
-JAN/JANTX available 
tJAN/JANTXUANTXV/JANS available 
#JAN/JANTX/JAMTXV available 


TABLE 4. High-Voltage/High-Current Amplifiers 


The following table lists Motorola standard devices that have high Collector-Emitter Breakdown Voltage. Devices are listed in 
decreasing order ofVjbrjceo w',n'n eacnpackage type. 


Package 


NPN 


Device 
Type 


V(BR)CEO 
Volts 
MIn 


ic 
mA 
Max 
hpE 
@ 
Ic 
MIn 
I 
mA 


VCE (sat) 
Volts 
@ 
Ic 
Max 
I 
mA 
>B 
mA 


fT 
MHz 
@ 
lc 
MIn 
| 
mA 


TO-18 
2N6431 
300 
50 
50 
30 
0.5 
20 
2.0 
50 
10 
2N6430 
200 
50 
50 
30 
0.5 
20 
2.0 
50 
10 


TO-39 
MM8520 
500 
1000 
15 
10 
1.5 
10 
2.0 
5.0 
10 
2N3439# 
350 
1000 
40 
20 
0.5 
50 
4 
15 
10 
MM421 
325 
1000 
25 
30 
5.0 
30 
3 
15 
10 
2N3742 
300 
50 
20 
30 
1.0 
30 
3.0 
30 
10 
2N5058 
300 
150 
35 
30 
1.0 
30 
3.0 
30 
10 
MM420 
250 
1000 
25 
30 
5.0 
30 
3 
15 
10 
2N3440# 
250 
1000 
40 
20 
0.5 
50 
4 
15 
10 
MM3003 
250 
50 
20 
10 
150 
10 
2N4927 
250 
50 
20 
30 
2.0 
30 
3.0 
30 
10 
2N5059 
250 
150 
30 
30 
1.0 
30 
3.0 
30 
10 
MM3002 
200 
50 
20 
10 
150 
10 
2N4926 
200 
50 
20 
30 
2.0 
30 
3.0 
30 
10 
MM3009 
180 
400 
40 
10 
50 
20 
MM3001 
150 
200 
20 
10 
150 
10 
2N3114 
150 
200 
30 
30 
1.0 
50 
5.0 
40 
30 
2N3500# 
150 
300 
40 
150 
0.4 
150 
15 
150 
20 
2N350# 
150 
300 
100 
150 
0.4 
150 
15 
150 
20 
2N3712 
150 
200 
30 
30 
2.0 
50 
5.0 
40 
30 
2N5682 
120 
1000 
40 
250 
0.6 
250 
25 
30 
100 
MM3008 
120 
400 
40 
10 
50 
20 
2N657 
100 
30 
200 
4.0 
200 
40 
2N3498# 
100 
500 
40 
150 
0.6 
300 
30 
150 
20 
2N3499# 
100 
500 
100 
150 
0.6 
300 
30 
150 
20 
2N4924 
100 
200 
40 
150 
0.4 
50 
5.0 
100 
20 
MM3007 
100 
2500 
50 
250 
0.35 
150 
15 
50 
50 
2N5681 
100 
1000 
40 
250 
0.6 
250 
25 
30 
100 
MM3006 
80 
2500 
50 
200 
0.35 
150 
15 
50 
50 
2N4239 
80 
3000 
30 
250 
0.3 
500 
50 
2 
100 
MM3005 
60 
2500 
50 
150 
0.35 
150 
15 
50 
50 
2N656 
60 
— 
30 
200 
4.0 
200 
40 
2N4238 
60 
3000 
30 
250 
0.3 
500 
50 
2 
100 
2N4237 
40 
3000 
30 
250 
0.3 
500 
50 
2 
100 


#JAN/JANTX/JANTXV available 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. High-Voltage High-Current Amplifiers (continued) 


Device 
V(BR)CEO 
Volts 
ic 
mA 
hpE 
@ 
IC 
VCE(sat) 
Volts 
@ 
Ic 
4 
IB 
MHz @ Ic 
] 


Package 
Type 
MIn 
Max 
MIn 
| 
mA 
Max 
| 
mA 
1 
mA 
MIn 
| 
mA 
| 


PNP 


TO-18 
2N6433 
300 
1000 
30 
30 
0.5 
20 
2.0 
50 
I 
10 


2N6432 
200 
1000 
30 
30 
0.5 
20 
2.0 
50 
10 


2N3497 
120 
100 
40 
10 
0.35 
10 
1.0 
150 
20 


2N3496 
80 
100 
40 
10 
0.3 
10 
1.0 
200 
20 


TO-39 
2N3743* 
300 
50 
25 
30 
8.0 
30 
3.0 
30 
10 


•2N5416# 
300 
1000 
30 
50 
2.5 
50 
5 
15 
10 


MM4003 
250 
500 
20 
10 
5.0 
10 
1.0 
— 
— 


2N4931# 
250 
500 
20 
20 
5.0 
10 
1.0 
20 
20 


MM4002 
200 
500 
20 
10 
5.0 
10 
1.0 
— 
— 


2N4930# 
200 
500 
20 
20 
5.0 
10 
1.0 
20 
20 


•2N5415# 
200 
1000 
30 
50 
2.5 
50 
5 
15 
10 


2N3637* 
175 
1000 
100 
50 
0.5 
50 
5.0 
200 
30 


2N3636# 
175 
1000 
50 
50 
0.5 
50 
5.0 
150 
30 


2N4929 
150 
500 
25 
10 
0.5 
10 
1.0 
100 
20 


MM4001 
150 
500 
20 
10 
0.6 
10 
1.0 
— 
— 


2N3635# 
140 
1000 
100 
50 
0.5 
50 
5.0 
200 
30 


2N3634# 
140 
1000 
50 
50 
0.5 
50 
5.0 
150 
30 


2N3495 
120 
100 
40 
10 
0.35 
10 
1.0 
150 
20 


2N5680 
120 
1000 
40 
250 
0.6 
250 
25 
30 
100 


MM4000 
100 
100 
20 
10 
0.6 
10 
1.0 
— 
— 


MM5007 
100 
2000 
50 
250 
0.5 
150 
15 
30 
50 


2N4928 
100 
100 
25 
10 
0.5 
10 
1.0 
100 
20 


2N5679 
100 
1000 
40 
250 
0.6 
250 
25 
30 
100 


MM5006 
60 
2000 
50 
200 
0.5 
150 
15 
30 
50 


2N3494 
80 
100 
40 
10 
0.3 
10 
1.0 
200 
20 


2N4236 
80 
3000 
30 
250 
0.6 
1000 
125 
3 
100 


2N4036 
65 
1000 
40 
150 
0.65 
150 
15 
60 
50 


MM5005 
60 
2000 
50 
150 
0.5 
150 
15 
30 
50 


2N4235 
60 
3000 
30 
250 
0.6 
1000 
125 
3 
100 


2N4234 
40 
3000 
30 
250 
0.6 
1000 
125 
3 
100 


#JAN/JANTX/JANTXV available 


TABLE 5. General-Purpose Amplifiers 
These transistors are designed for dc to VHF amplifier applications, general-purpose switching applications, and complementary 
circuitry. Devices are listed in decreasing order ofV(BR)CEO within each package group. 


Package 
Device 
Type 


CEO 
V(B« 
MIn 


MHz 
MIn 
IC 
mA 


«C 
mA 
Max 
MIn 
hFE 
Max 
ic 
mA 


NPN 


TO-18 
2N2896 
90 
120 
50 
1000 
60 
200 
I 
150 


2N3700* 
80 
80 
1.0 
1000 
50 
500 


2N2895 
65 
120 
50 
1000 
40 
120 
150 


2N956 
50 
70 
50 
40 
120 
150 


2N2897 
45 
100 
50 
1000 
50 
200 
150 


2N718 
40 
50 
50 
40 
120 
150 


2N2221A# 
40 
250 
20 
600 
40 
120 
150 


2N2222A# 
40 
300 
20 
800 
100 
300 
150 


2N3946 
40 
300 
10 
200 
50 
150 
10 


2N3947 
40 
300 
10 
200 
100 
300 
10 


2N2222# 
30 
250 
20 
800 
100 
300 
150 


2N3302 
30 
250 
50 
500 
100 
300 
150 


2N916* 
25 
300 
10 
50 
200 
10 


TO-39 
2N1711 
80 
70 
50 
100 
300 
150 


2N3019# 
80 
100 
50 
1000 
100 
300 
150 


2N3020 
80 
80 
50 
1000 
40 
120 
150 


2N1613# 
50 
60 
50 
500 
40 
120 
150 


2N2193A 
50 
50 
50 
1000 
40 
120 
150 


2N2270 
45 
100 
50 
1000 
50 
200 
150 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 5. General-Purpose Amplifiers (continued) 


Package 


NPN 


Device 
Type 


V(BR)CEO 
Volts 
MIn 


fT 
MHz 
@ 
MIn 
| 
ic 
mA 


ic 
mA 
Max 
MIn 
hFE 
Max 
"C 
mA 


TO-39 
2N697 
2N2218A* 
2N2219A# 
2N3053 
2N2218# 
2N2219* 
2N3300 


40 
40 
40 
40 
30 
30 
30 


50 
250 
300 
100 
250 
250 
250 


50 
20 
20 
50 
20 
20 
50 


800 
800 
700 
800 
800 
500 


40 
40 
100 
50 
40 
100 
100 


120 
120 
300 
250 
120 
300 
300 


ISO 
150 
150 
150 
150 
150 
150 


TO-46 
2N5581" 
2N5582" 
40 
40 
250 
300 
20 
20 
800 
800 
40 
100 
120 
300 
150 
150 


TO-52 
MM3903 
MM3904 
40 
40 
250 
300 
10 
10 
200 
200 
50 
100 
150 
300 
10 
10 


PNP 


TO-18 
2N4026 
80 
100 
50 
1000 
15 
100 
2N4027 
80 
100 
50 
1000 
10 
— 
100 
2N4028 
80 
150 
50 
1000 
40 
— 
100 
2N4029 
60 
150 
50 
1000 
25 
— 
100 
2N2906A# 
60 
200 
50 
600 
40 
120 
150 
2N2907Af 
60 
200 
50 
600 
100 
300 
150 
2N3250A# 
60 
250 
10 
200 
50 
150 
10 
2N3251A# 
60 
300 
10 
200 
100 
300 
10 
2N2906# 
40 
200 
50 
600 
40 
120 
150 
2N2907# 
40 
200 
50 
600 
100 
300 
150 
2N3250 
40 
250 
10 
200 
50 
150 
10 
2N3251 
40 
300 
10 
200 
100 
300 
10 
2N869 
18 


TO-39 
MM5007 
100 
30 
50 
2000 
50 
250 
250 
MM5006 
80 
30 
50 
2000 
50 
250 
200 
2N4031 
80 
100 
50 
1000 
10 
100 
2N4033# 
80 
150 
50 
1000 
25 
100 
2N4404 
80 
200 
50 
1000 
40 
120 
150 
2N4405" 
80 
200 
50 
1000 
100 
300 
150 
MM4036 
65 
60 
50 
1000 
20 
140 
150 
2N4036 
65 
60 
50 
1000 
40 
140 
150 
2N4037 
65 
60 
50 
1000 
40 
150 
MM5005 
60 
30 
50 
2000 
50 
250 
150 
2N2904A# 
60 
200 
50 
600 
40 
120 
150 
2N2905Af 
60 
200 
50 
600 
100 
300 
150 
2N4030 
60 
100 
50 
1000 
15 
100 
2N4032 
60 
150 
50 
1000 
40 
100 
MM4037 
40 
60 
50 
1000 
50 
250 
150 
2N1131A 
40 
50 
50 
600 
30 
90 
150 
2N1132A 
40 
60 
50 
600 
30 
90 
150 
2N2904# 
40 
200 
50 
600 
40 
120 
150 
2N2905# 
40 
200 
50 
600 
100 
300 
150 
2N1132* 
35 
60 
50 
600 
30 
90 
150 


TO-46 
2N3485A" 
60 
200 
50 
600 
40 
120 
150 
2N3486A" 
60 
200 
50 
600 
100 
300 
150 
2N3673 
50 
200 
50 
600 
75 
225 
150 
2N3486 
40 
200 
50 
600 
100 
300 
150 


TO-52 
MM3906 
40 
250 
10 
200 
100 
300 
10 
MM3905 
40 
200 
10 
200 
50 
150 
10 


"JAN/JANTX available 
#JAN/JANTX/JANTXV available 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 6. Choppers 


Devices are listed indecreasing V(br)EBO- 


Offset Voltage 
On-State Resistance 


Package 
Device 
V(BR)EBO 
V(BR)ECO 


MIn 
hFE(lnv) 
VEC(ofs) 
Max(mV) 
rec(on) 
Max(O) 


TO-46 
2N2946 
40 
35 
3.0 
2.0 
45 


2N2946A 
40 
35 
20 
2.0 
8.0 


2N5230 
30 
20 
15 
0.5 
8.0 


2NS231 
30 
20 
15 
0.8 
10 


2N2945A 
25 
20 
30 
1.0 
6.0 


2N2945 
25 
20 
4.0 
1.0 
35 


2N5229 
15 
10 
15 
0.5 
6.0 


JAN/JANTX available 
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Multiple Small-Signal Transistors 


CASE 20-03 
TO-72 
CASE 22-03 
TO-18 
CASE 607-04 
CASE 610A-04 


CASE 632 
1^f 
CASE 646 
CASE 654-07 


The trend in electronic system design is toward the use of in 
tegrated circuits — to reduce component cost, assembly cost, 
and equipment cost. But ICs still aren't all things to all people, 
and for those circuit designs where ICs are not available, there 
is a noticeable swing towards the use of multiple devices." 
Motorola is reacting to this expanding market requirementby 
making availablea large selection ofQuad, Dual,and Darlington 
transistors foroff-the-shelf delivery. The chips used in the Quad 
and Dual transistors are those that have emerged as the most 
popular ones for discrete transistor applications. But even be 


yond that, Motorola offers its entire vast repertoire of discrete 
small-signal transistors for multiple-device packaging. For spe 
cial applications where the devices in this brochure might not 
quite fitthe design requirements, special configurations can be 
supplied with quick turnaround time and at low premiums. 


'Multiple devices, as described here, encompass two or 
more transistorchips in a single package. Included in this def 
initionare the Darlington transistors which consist of two inter 
connected devices functioning as a single-stage amplifier. 


Specification Tables 


The following short form specifications include Quad and Dual transistors listed in alphanumeric order. Some columns denote two 
different types of data indicated by either bold or ;fa//c typeface. See keyand headingsforproper identification. 


KEY 


TYPE NO 


PD 
_ 
Watts 1 VcE-t 
Volts § 
"c 
Amp 
ID 
One 
"• 
Die 
• 
Only 
"FE Co IC 


Mm 


"FE1 ^VBE 
mV 
Gp 
NF 
dB 
dB 
9 f 


hFE2 
Max 
Mm 
Max 


<T 
MHi 
Mm 


Cob 
pF 
Max 


'on 


Ma, 


'oil 


ns 
Ma, 


vce 
<c 
lsall& — 
i 
VoltS I Id 
Ma, I 
*'e 


= 
PACKAGE 
TO |Ca«e 
No 
No. 


Alphanumeric listing 


Wpe numbers 
Commonemitte 
DC Current Gall 
G„ 
- Power Gam 
NF 
Noise Figure 
f - Test Frequency 
ADD - 
10 15k Hi 
Frequency Units. 


H 
Hem 


K 
kHt 
M-MHi 
G 
GHi 
vCElutl 
Collector-En 


JEDEC Outline/ 
Motorola Package 
Outline 
Identilicjtion Code 
hi Letter 
Polarity 


C - both types in 
multiple device 


N - NPN 


P - PNP 


2nd Letter. Use 
A - Generjl Purpose Amplifier 
E - Low Noise Audio Amplifier 
f - Low Noise RF Amplifier 
G - General Puipose AmpMier 
and Switch 
H- Tuned Rf'IF Amplilier 
M - Differential Amplilie' 


S - High Speed Switch 


PowerDissipation specifiedat ?S°C Smgii 
iling 


Ref 
Point 
A 
Ambient le 
C 
Case tempei 


SMALL-SIGNAL DEVICES 


Rated ma 
Subscript 
listed below in or 


SUBSCRIPT 
0 
VCE0 open 


Current Gam Band* 
Product 


Continuous IDCI Collector Cu 


Collecior•Emitter Voltage 


1-21 


Tat Current 
Current Units 


u 
uA 


m 
mA 
A 
Anv 


/Iter Saturation Voltage 


hFEl'hFE2 - Current Gun Ratio 
VflE - Differential Bast Voltage IVfjEI - VeEZl 
Differential Amplifiers 
to/j 
turn-on tune 
'oil 
turn-oil tint' 


Outpul Cap* 
Ccb 
Collec 
C,s 
Comm 


itanci . common base Shown without 
c Capacilance 
itter Reverse Transler Capacitance 


stinctu 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Quad Transistors 


"FE1 
AVbe 
Gp 
NF@ 
1 
mV 
dB 
dB 
l*FE2 
Max 
MIn 
Max 


PD 
TVp* 


Watts 
«c 
«T 
C0b 
'on 
'off 
VC£ 
ic 
TYPE NO. 
ID 
One 1 VCE- 1 
Amp 
hpE @ 'C 
MHz 
PF 
ns 
ns 
(say@— 
'c 
PACKAGE 
Die j 
Only 
Volts 1 
Max 
MIn I 
| 
MIn 
Max 
Max 
Max 
Vote I IB 
I 
TO- Case 
Typ* 
Typ* 
Typ- 
Typ' 
Max | 
No.1No. 


MHQ918 
NF 
0.65 A 
15 
O 
0.05 
20 
3.0 m 
600 
2.0 
6.0 
60 M 
116 
632 


MHQ2221 
NG 
0.65 A 
40 
O 
0.5 
40 
150 m 
200 
8.0 
.4 
150 m 
116 
632 


MHQ2222t 
NG 
0.65 A 
40 
O 
0.5 
100 
150 m 
200 
8.0 
25' 
250' 
.4 
10 
150 m 
116 
632 


MHQ2369 
NS 
0.5 A 
15 
O 
0.5 
40 
10 m 
450 
4.0 
9.0* 
15' 
.25 
10 
10 m 
116 
632 


MHQ2483 
NA 
0.6 A 
40 
O 
0.05 
150 
1.0 m 
50 
3* 
AUD 
116 
632 


MHQ2484 
NA 
0.6 A 
40 
O 
0.05 
300 
1.0 m 
50 
2* 
AUD 
116 
632 


MHQ2906 
PG 
0.65 A 
40 
O 
0.6 
40 
150 m 
200 
8.0 
30' 
100' 
.4 
10 
750 m 
116 
632 


MHQ2907t 
PG 
0.65 A 
40 
O 
0.6 
100 
150m 
200 
8.0 
30' 
100' 
.4 
10 
750 m 
116 
632 


MHQ3467t 
PS 
0.9 A 
40 
O 
1.0 
20 
500m 
125 
25 
40 
90 
.5 
10 
500m 
116 
632 


MHQ3546 
PS 
0.5 A 
12 
O 
0.2 
30 
10 m 
600 
6.0 
.15* 
25' 
.25 
10 
10 m 
116 
632 


MHQ3798 
PA 
0.5 A 
40 
0 
0.05 
150 
0.1 m 
60 
4.0 
3* 
AUD 
116 
632 


MHQ3799 
PA 
0.5 A 
60 
0 
0.05 
300 
0.1 m 
60 
4.0 
2* 
AUD 
116 
632 


MHQ4001A 
NS 
0.75 A 
40 
0 
1.5 
30 
500 m 
200 
10 
40 
75 
.52 
70 
500 m 
116 
632 


MHO4002A 
NS 
0.75 A 
45 
0 
1.5 
30 
500m 
200 
10 
40 
75 
.52 
10 
500m 
116 
632 


MHQ4013tt 
NS 
0.75 A 
40 
0 
1.5 
35 
500m 
200 
10 
35 
60 
.52 
10 
500m 
116 
632 


MHQ4014 
NS 
0.75 A 
45 
0 
1.5 
35 
500 m 
200 
10 
35 
60 
.52 
10 
500 m 
116 
632 


MHQ6001 
CA 
0.65 A 
30 
0 
0.5 
40 
150m 
200 
8.0 
30' 
225' 
.4 
10 
150 m 
116 
632 


MHQ6002 
CA 
0.65 A 
30 
0 
0.5 
100 
150 m 
200 
8.0 
30' 
225' 
.4 
10 
150 m 
116 
632 


MHQ6100 
CA 
0.5 A 
40 
0 
0.05 
75 
1.0 m 
175" 
4.5* 
.25 
1.0 m 
116 
632 


MPQ918 
NA 
0.625 A 
15 
0 
0.05 
20 
3.0 m 
600 
1.7 
6.0 
60 M 
646 


MPQ1000 
NA 
0.65 A 
20 
0 
0.5 
50 
10 m 
175 
8.0 
0.5 
10 
150 m 
646 


MPQ2221 
NA 
0.65 A 
30 
0 
0.5 
40 
150 m 
200 
8.0 
25' 
250' 
.4 
10 
750 m 
646 


MPQ2221A 
NA 
0.65 A 
30 
0 
0.5 
40 
150 m 
200 
8.0 
25' 
250' 
.4 
10 
750 m 
646 


MPQ2222 
NA 
0.65 A 
30 
0 
0.5 
100 
150 m 
200 
8.0 
25* 
250* 
.4 
10 
750 m 
646 


MPQ2222A 
NA 
0.65 A 
30 
0 
0.5 
100 
150 m 
200 
8.0 
25* 
250* 
.4 
10 
750 m 
646 


MPQ2369 
NS 
0.5 A 
15 
0 
0.5 
40 
10 m 
450 
4.0 
9.0' 
75* 
.25 
10 
70 m 
646 


MPQ2483 
NA 
0.625 A 
40 
0 
0.05 
150 
1.0 m 
50 
3* 
AUD 
646 


MPQ2484 
NA 
0.625 A 
40 
0 
0.05 
300 
1.0 m 
50 
2* 
AUD 
646 


MPQ2906 
PA 
0.65 A 
40 
0 
0.6 
40 
150 m 
200 
8.0 
30' 
100* 
.4 
70 
750 m 
646 


MPQ2906A 
PA 
0.65A 
60 
0 
0.6 
40 
150 m 
200 
8.0 
30' 
700* 
.4 
10 
750 m 
646 


MPQ2907 
PA 
0.65 A 
40 
0 
0.6 
100 
150 m 
200 
8.0 
30' 
700* 
.4 
10 
750 m 
646 


MPQ2907A 
PA 
0.65 A 
60 
0 
0.6 
100 
150 m 
200 
8.0 
30' 
700* 
.4 
10 
750 m 
646 


MPQ3303 
NS 
0.65 A 
12 
0 
1.0 
40 
300 m 
400 
10 
15 
25 
0.7 
10 
7.0 A 
646 


MPQ3467 
PS 
0.75 A 
40 
0 
1.0 
20 
500m 
125 
25 
40 
90 
0.5 
10 
500m 
646 


MPQ3546 
PA 
0.5 A 
12 
0 
0.2 
30 
10m 
600 
6.0 
15' 
25' 
.25 
10 
70 m 
646 


MP03725T 
NS 
1.0A 
40 
0 
1.0 
25 
500m 
250 
10 
35 
60 
.45 
10 
500m 
646 


MPQ3725A 
NS 
1.0A 
50 
0 
1.0 
30 
500m 
200 
10 
3.5 
60 
.45 
500m 
646 


MPQ3762 
PS 
0.75 A 
40 
0 
1.5 
35 
150 m 
150 
15 
50 
120 
.55 
10 
500 m 
646 


MPQ3798 
PA 
0.625 A 
40 
0 
0.05 
150 
0.1 m 
60 
4.0 
3* 
AUD 
646 


MPQ3799 
PA 
0.625 A 
60 
0 
0.05 
300 
0.1 m 
60 
4.0 
2* 
AUD 
646 


MPQ3904 
NG 
0.50 A 
40 
0 
0.2 
75 
10 m 
250 
4.0 
37* 
736* 
0.2 
70 
70 m 
646 


MPO3906 
PG 
0.50 A 
40 
0 
0.2 
75 
10m 
200 
4.5 
43' 
755* 
.25 
10 
70 m 
646 


t H.HX,and HXV Suffixesalso available, 
ft MHQ4013 is electrically equivalentto MHQ3725. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. Quad Transistors (continued) 


hFE1 ^BE 
NF 
Gp 
dB @f 


Pd 
„ 
hFE2 
mV 
Max 
dB 
Max 
Min jyp. 


TYPE NO. 
ID 
Watt* | 
Ono 
": VcE-f 
Votla •§ 
'c 
Amp 
hFE@ln H 
«T 
MHi 
C0b 
PF 
'on 
ns 
'oft 
ns 
VC£ 
IC 
(sat)@ — &>c 
I 


PACKAGE 
TO- ICass 
Max 
3 
Mfn 
Max 
Max 
Max 
Volts I In 
No. 
No. 
Only 
Typ* 
Typ* Typ' 
Typ' 
Mox\ 
1 


MPQ6001 
CG 
0.65 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
30' 
225' 
0.4 
10 
750 m 
646 
MPQ6002 
CG 
0.65 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
30' 
225' 
0.4 
10 
150 m 
646 
MPQ6100 
CA 
0.5 A 
40 0 
0.05 
75 
1.0 m 
50 
4.0 
4* 
AUD 
646 
MPQ6100A 
CA 
0.5 A 
45 0 
0.05 
150 
1.0 m 
50 
4.0 
4* 
AUD 
646 
MPO6501 
CG 
0.65 A 
30 O 
0.5 
40 
150 m 
200 
8.0 
SO- 
225' 
0.4 
10 
150 m 
646 
MPQ6502 
CG 
0.65 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
SO' 
225' 
0.4 
10 
150 m 
646 


MPQ6600 
CA 
0.5 A 
40 0 
0.05 
75 
1.0 m 
50 
4.0 
4* 
AUD 
646 
MPQ660OA 
CA 
0.5 A 
45 0 
0.05 
150 
1.0 m 
50 
4.0 
0.25 
4.0 
1.0 m 
646 
MPO67O0 
CA 
0.5 A 
40 0 
0.2 
70 
10 m 
200 
4.5 
0.25 
4.0 
1.0 m 
646 
MPQ6842 
CA 
0.75 A 
40 0 
0.5 
70 
10 m 
300 
4.5 
45 
150 
0.15 
10 
0.5 m 
646 
MPQ7041 
NA 
0.76 A 
150 0 
0.5 
25 
1.0 m 
50 
5.0 
0.5 
10 
20 m 
646 
MPQ7042 
NA 
0.75 A 
200 0 
0.5 
25 
1.0 m 
50 
5.0 
0.5 
10 
20 m 
646 
MPQ7043 
NA 
0.75 A 
250 0 
0.5 
25 
1.0 m 
50 
5.0 
0.5 
10 
20 m 
646 


MPQ7051 
CA 
0.75 A 
150 0 
0.5 
25 
1.0 m 
50 
5.0 
0.7 
10 
20 m 
646 
MPQ7052 
CA 
0.75 A 
200 0 
0.5 
25 
1.0 m 
50 
5.0 
0.7 
10 
20 m 
646 
MPQ70S3 
CA 
0.75 A 
250 0 
0.5 
25 
1.0 m 
50 
5.0 
0.7 
10 
20 m 
646 
MPQ7091 
PA 
0.75 A 
150 0 
0.5 
25 
1.0 m 
50 
5.0 
0.5 
10 
20 m 
646 
MPQ7092 
PA 
0.75 A 
200 0 
0.5 
25 
1.0 m 
50 
5.0 
0.5 
10 
20 m 
646 
MPQ7093 
PA 
0.75 A 
250 0 
0.5 
35 
10 m 
50 
5.0 
0.5 
to 
20 m 
646 
MQ918 
NA 
0.55 A 
15 0 
0.05 
50 
3.0 m 
600 
1.7 
6.0 
60 M 
607 


MQ930 
NA 
0.4 A 
45 0 
0.03 
150 
1.0 m 
260* 
6.0 
607 
MQ982 
PA 
0.4 A 
50 0 
0.6 
40 
150 m 
200 
8.0 
0.5 
10 
150 m 
607 
MQ1120 
PA 
0.4 A 
30 0 
0.5 
50 
10 m 
200 
8.0 
0.10 
JO 
10 m 
607 
MQ1129 
NA 
0.4 A 
30 0 
0.5 
100 
10 m 
200 
8.0 
0.15 
10 
10 m 
607 
MQ2218 
NA 
0.4 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
0.4 
10 
150 m 
607 
MQ2218A 
NA 
0.6 A 
40 0 
0.5 
40 
150 m 
200 
8.0 
0.4 
10 
150 m 
607 
MQ2219 
NA 
0.6 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
0.3 
10 
150 m 
607 
MQ2219A 
NA 
0.4 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
0.3 
10 
150 m 
607 
MQ2369 
NS 
0.40 A 
15 0 
0.5 
40 
10 m 
500 
4.0 
15 
20 
.25 
10 
10 m 
607 
MQ2484 
NE 
0.4 A 
60 0 
0.03 
100 
10 u 
260* 
6.0 
3.0 
AUD 
607 
MQ2904 
PG 
0.4 A 
40 0 
0.6 
40 
150 m 
300 
8.0 
42 
130 
.4 
10 
150 m 
607 
MQ2905A 
PG 
0.4 A 
60 O 
0.6 
100 
150 m 
300 
8.0 
42 
130 
.4 
10 
150 m 
607 
MQ3251 
PA 
0.40 A 
40 0 
0.05 
100 
10 m 
300 
6.0 
.25 
10 
10 m 
607 
MQ3467 
PS 
0.40 A 
40 0 
1.0 
20 
500 m 
150 
20 
40 
J to 
0.5 
10 
500 m 
607 


MQ3725 
NS 
0.40 A 
40 0 
1.0 
50 
100 m 
200 
10 
45 
75 
.26 
10 
100 m 
607 
MQ3762 
PS 
0.40 A 
40 0 
1.5 
20 
1.0 A 
150 
20 
40 
no 
1.0 
10 
1.0 A 
607 
MQ3798 
PA 
0.40 A 
60 0 
0.05 
150 
100 u 
450* 
4.0 
0.2 
10 
1.0 m 
607 
MQ3799 
PA 
0.40 A 
60 0 
0.05 
300 
100 u 
450* 
4.0 
0.2 
10 
1.0 m 
607 
MQ3799A 
PM 
0.40 A 
60 0 
0.05 
300 
100 u 
450* 
4.0 
0.9 
3.0 
0.2 
10 
1.0 m 
607 
MQ6001 
CG 
0.40 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
607 
MQ6002 
CG 
0.40 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
607 
MQ7001 
PA 
0.4 A 
30 O 
0.6 
70 
1.0 m 
200 
8.0 
0.4 
10 
150 m 
607 
MQ7003 
NA 
0.40 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
.35 
10 
1.0 m 
607 
MQ7004 
NA 
0.40 A 
13 0 
0.2 
30 
10 m 
675* 
4.0 
0.4 
10 
10 m 
607 
MQ7005 
NA 
0.4 A 
12 0 
0.05 
30 
3.0 m 
400 
3.0 
1.0 
10 m 
607 
MQ7007 
PA 
0.4 A 
40 0 
0.2 
30 
1.0 m 
300 
8.0 
1.0 
10 
50 m 
607 
MQ7021 
CG 
0.40 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
28' 
72' 
.35 
10 
10 m 
607 
2N5146 
PA 
0.4 A 
40 0 
1.5 
20 
1.0 A 
150 
20 
40 
no 
1.0 
10 
1.0 A 
607 
2N6501 
NS 
0.6 A 
40 0 
1.0 
50 
100 m 
250 
10 
35 
60 
0.3 
10 
100 m 
607 


Some columns show 2 different types of data indicatedby either bold or italic typefaces. See key and headings. 


TABLE 2. QUAD TMOS FETS (N CHANNEL) 


Device 


rds(on) 
VQS(t/h) 
IDSS 
V(BR)DSS 
IGSS 
Clss 
Cras 
ton 
♦off 


(«) 
Max 


@ 
id 
(/•A) 


0 


MIn 


0 


Max 
VDS 
(V) 
Id 
(mA) 
(/•A) 
Max 


@ 
VDS 
00 
(V) 
MIn 


@ 


<G 
(/•A) 
(nA) 
Max 


@ 
VDG 
(V) 
(PF) 
Max 


@ 
VDS 
(V) 
(PF) 
Max 


@ 
VDS 
(V) 
(ns) 
Max 
(ns) 
Max 


MFQ930C 
1.4 
1.0A 
1.0 
3.5 
vqs 
1.0 
10 
35 
35 
10 
50 
15 
70 
25 
18 
25 
15 
15 


MFQ960C 
1.7 
1.0A 
1.0 
3.5 
Vqs 
1.0 
10 
60 
60 
10 
50 
15 
70 
25 
18 
25 
15 
15 


MFQ990C 
2.0 
1.0A 
1.0 
3.5 
vgs 
1.0 
10 
90 
90 
10 
50 
15 
70 
25 
18 
25 
15 
15 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors 


"FE1 *vBE 
Gp 
NF @ f 
mV 
dB 
dB 
hFE2 
Max 
Min 
Max 
pD 
_ 
Wana J 
Ono * VcE-f 
"C 
•T 
cob 
'on 
'oft 
v'ce "i'c 
PACKAGE 
TYPE NO. 
ID 
Amp 
hFE@lr ? 
MHz 
PF 
ns 
ns 
(sat)@— & Ic 
5 
TO-lCoio 
Dio 
• 
Volti •§ 
Max 
Min 
I 
** 
3 
Min 
Max 
Max 
Max 
Voltsi lg | 
No. 
No. 
Only 
Max] 
| 
• 


MD708 
NG 
0.55 A 
15 0 
0.2 
40 
10 m 
300 
5.0 
35 
75 
.20 
10 
10 m 
654 


MD708A 
IMM 
0.55 A 
15 0 
0.2 
40 
10 m 
300 
5.0 
0.9 
S.O 
.20 
10 
10 m 
654 


MD708AF 
NM 
0.35 A 
15 0 
0.2 
40 
10 m 
300 
5.0 
0.9 
5.0 
.20 
10 
10 m 
610A 


MD708B 
NM 
0.55 A 
15 0 
0.2 
40 
10 m 
300 
5.0 
0.8 
10 
.20 
10 
10 m 
654 


MD708BF 
NM 
0.35 A 
15 0 
0.2 
40 
10 m 
300 
5.0 
0.8 
10 
.20 
10 
10 m 
610A 


IV.D708F 
NG 
0.35 A 
15 0 
0.2 
40 
10 m 
300 
5.0 
35 
75 
.20 
10 
10 m 
610A 


MD918 
NF 
0.55 A 
15 O 
0.05 
50 
3.0 m 
600 
1.7 
6.0 
60 M 
654 


MD918A 
NM 
0.55 A 
15 0 
0.05 
50 
3.0 m 
600 
1.7 
0.9 
S.O 
6.0 
60 M 
654 


MD918AF 
NM 
0.35 A 
15 0 
0.05 
50 
3.0 m 
600 
1.7 
0.9 
5.0 
6.0 
60 M 
610A 


MD918B 
NM 
0.55 A 
15 0 
0.05 
50 
3.0 m 
600 
1.7 
0.8 
10 
6.0 
60 M 
654 


MD918F.BF 
NF 
0.35 A 
15 O 
0.05 
50 
3.0 m 
600 
1.7 
6.0 
60 M 
610A 


MD982,F 
PA 
0.40 A 
50 0 
0.6 
40 
150 m 
200 
8.0 
0.5 
70 
750 m 
610A 


MD984 
PA 
.575 A 
20 0 
0.2 
25 
10 m 
250 
0.5 
10 
50 m 
654 


MD985 
CA 
.575 A 
30 O 
0.5 
40 
150 m 
200 
8.0 
0.5 
10 
150 m 
654 


MD985F 
CA 
0.35 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
0.5 
10 
150 m 
610A 


MD986 
CA 
0.55 A 
15 0 
0.2 
25 
10 m 
200 
4.0 
0.3 
10 
10 m 
654 


MD986F 
CA 
0.35 A 
15 0 
0.2 
25 
10 m 
200 
4.0 
0.3 
10 
10 m 
610A 


MD1120 
NM 
0.575 A 
30 O 
0.5 
50 
10 m 
200 
8.0 
0.8 
10 
.10 
10 
10 m 
654 


MD1120F 
NM 
0.35 A 
30 O 
0.5 
50 
10 m 
200 
8.0 
0.8 
10 
.10 
10 
10 m 
610A 


MD1121 
NM 
0.575 A 
30 0 
0.5 
50 
10 m 
200 
8.0 
0.9 
10 
.10 
10 
10 m 
654 


MD1121F 
NM 
0.35 A 
30 0 
0.5 
50 
10 m 
200 
8.0 
0.9 
10 
.10 
10 
10 m 
654 


MD1122 
NM 
0.575 A 
30 0 
0.5 
50 
10 m 
200 
8.0 
0.9 
5.0 
.10 
10 
10 m 
654 


MD1122F 
NM 
0.35 A 
30 O 
0.5 
50 
20 m 
200 
8.0 
0.9 
5.0 
.10 
10 
10 m 
654 


MD1123 
PM 
0.575 A 
40 0 
0.2 
30 
100 u 
250 
4.0 
0.8 
10 
.25 
10 
10 m 
654 


MD1129 
NM 
0.575 A 
30 0 
0.5 
100 
10 m 
200 
8.0 
0.9 
6.0 
0.1 
10 
10 m 
654 


MD1129F 
NM 
0.35 A 
30 0 
0.5 
100 
10 m 
200 
8.0 
0.9 
5.0 
.15 
10 
10 m 
610 A 


MD1130 
PM 
0.575 A 
40 0 
0.2 
100 
100 u 
200 
4.0 
0.9 
5.0 
.25 
10 
10 m 
654 


MD1130F 
PM 
0.35 A 
40 0 
0.2 
100 
100 u 
200 
4.0 
0.9 
5.0 
.25 
10 
10 m 
610A 


MD1132 
NM 
0.3 A 
15 0 
0.05 
50 
1.0 m 
600 
1.7 
0.9 
6.0 
0.4 
10 
10 m 
654 


MD2060F 
NM 
0.35 A 
60 0 
0.5 
30 
0.1 
m 
100 
15 
0.9 
5.0 
.10 
8.0 
10 m 
654 


MD2218 
NG 
0.575 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
654 


MD2218A 
NG 
0.575 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
45 
310 
0.3 
10 
150 m 
654 


MD2218AF 
NG 
0.35 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
45 
310 
0.3 
10 
150 m 
610A 


MD2218F 
NG 
0.35 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
610A 


MD2219 
NG 
0.575 A 
30 O 
0.5 
100 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
654 


MD2219A 
NG 
0.575 A 
30 O 
0.5 
100 
150 m 
200 
8.0 
45 
310 
0.3 
10 
150 m 
654 


MD2219AF 
NG 
0.350 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
45 
310 
0.3 
10 
150 m 
610A 


MD2219F 
NG 
0.350 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
610A 


MD2369 
NS 
0.55 A 
15 O 
0.5 
40 
10 m 
500 
4.0 
15 
20 
.25 
10 
10 m 
654 


MD2369A 
NM 
0.55 A 
15 O 
0.5 
40 
10 m 
500 
4.0 
0.9 
5.0 
.25 
10 
10 m 
654 


MD2369AF 
NM 
0.35 A 
15 0 
0.5 
40 
10 m 
500 
4.0 
0.9 
5.0 
.25 
10 
10 m 
610A 


MD2369B 
NM 
0.55 A 
15 0 
0.5 
40 
10 m 
500 
4.0 
0.8 
10 
.25 
10 
10 m 
654 


MD2369BF 
NM 
0.35 A 
15 0 
0.5 
40 
10 m 
500 
4.0 
0.8 
10 
.25 
10 
10 m 
610A 


MD2369F 
NS 
0.35 A 
15 0 
0.5 
40 
10 m 
500 
4.0 
15 
20 
.25 
10 
10 m 
610A 


MD2904 
PG 
0.575 A 
40 0 
0.6 
40 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
654 


MD2904A . 
PG 
0.575 A 
60 0 
0.6 
40 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
654 


MD2904AF 
PG 
0.350 A 
60 O 
0.6 
40 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
610A 


MD2904F 
PG 
0.350 A 
40 0 
0.6 
40 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
610A 


MD2905 
PG 
0.575 A 
40 O 
0.6 
100 
150 m 
200 
8.0 
45 
130 
0.4 
TO 
150 m 
w* 


Some columns show 2different types ofdata indicatedbyeither bold oritalic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


hFE1 AVBE 
Gp 
NF@f 
mV 
dB 
dB 


PD 
- 
hFE2 
Max 
Min 
Max 


TYPE NO. 
ID 
Wan* 1 
Ono 
* VcE-f 
Voit*l5 


<C 
Amp 
hFE@ lr i 


•T 
MHz 
cob 
pF 
'on 


ns 
'oil 
ns 
VCE 
>C 
{sat}®— &lr 
1 
PACKAGE 
TO- ICoso 
Oio 
• 
Only 
Max 
Min 
3 
Min 
Typ* 
Max 
Max 
Max 
Volts 
Max 
>B 
No. 
No. 


MD2905A 
PG 
0.575 A 
60 0 
0.6 
100 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
654 
MD2905AF 
PG 
0.35 A 
60 0 
0.6 
100 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
61OA 
MD2905F 
PG 
0.35 A 
40 0 
0.6 
100 
150 m 
200 
8.0 
45 
130 
0.4 
10 
150 m 
610A 
MD3250 
PA 
0.57 5 
A40 0 
0.20 
50 
1.0 m 
200 
6.0 
.25 
10 
10 m 
654 
MD3250A 
PM 
0.57 5 
A40 0 
0.20 
50 
1.0 m 
200 
6.0 
0.9 
5.0 
.25 
10 
10 m 
654 
MD3250AF 
PM 
0.35 A 
40 0 
0.20 
50 
1.0 m 
200 
6.0 
0.9 
5.0 
.25 
10 
10 m 
610A 


MD3250F 
PA 
0.35 A 
40 0 
0.20 
50 
1.0 m 
200 
6.0 
.25 
10 
10 m 
610A 
MD3251 
PA 
0.575 A 
40 0 
0.20 
100 
1.0 m 
250 
6.0 
.25 
10 
10 m 
654 
M03251A 
PM 
0.575 A 
40 0 
0.20 
100 
1.0 m 
250 
6.0 
0.9 
5.0 
.25 
10 
10 m 
654 
MD3251AF 
PM 
0.35 A 
40 0 
0.20 
100 
1.0 m 
250 
6.0 
0.9 
5.0 
.25 
10 
10 m 
610A 
MD3251F 
PA 
0.35 A 
40 0 
0.20 
100 
1.0 m 
250 
6.0 
.25 
10 
10 m 
610A 
MD3409 
NM 
0.575 A 
30 0 
0.5 
50 
10 m 
200 
8.0 
0.8 
10 
.15 
10 
10 m 
654 


MD3410 
NM 
0.575 A 
30 0 
0.5 
50 
10 m 
200 
8.0 
0.9 
10 
.15 
10 
10 m 
654 
MD3467 
PS 
0.60 A 
40 0 
1.5 
20 
500 m 
150 
20 
40 
7 70 
0.5 
10 
500 m 
654 
MD3467F 
PS 
0.35 A 
40 0 
1.5 
20 
500 m 
150 
20 
40 
110 
0.5 
10 
500 m 
610A 
MD3725 
NS 
0.60 A 
40 0 
1.0 
50 
100 m 
200 
10 
45 
75 
.26 
10 
100 m 
654 
MD3725F 
NS 
0.35 A 
40 0 
1.0 
50 
100 m 
200 
10 
45 
75 
.26 
10 
100 m 
610A 
MD3762 
PS 
0.60 A 
40 0 
1.5 
20 
1.0 A 
150 
20 
40 
110 
1.0 
10 
1.0 A 
654 
MD3762F 
PS 
0.35 A 
40 0 
1.5 
20 
1.0 A 
150 
20 
40 
110 
1.0 
10 
1.0 A 
610A 
MO5000 
PH 
0.3 A 
15 0 
0.05 
20 
3.0 m 
600 
1.7 
15 
200 M 
654 
MD5000A 
PM 
0.3 A 
15 0 
0.05 
20 
3.0 m 
600 
1.7 
0.9 
5.0 
15 
200 M 
654 
MO5000B 
PM 
0.3 A 
15 0 
0.05 
20 
3.0 m 
600 
1.7 
0.8 
10 
15 
200 M 
654 


MD6001 
CG 
.575 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
60 
350 
0.4 
10 
750 m 
654 
MD6001F 
CG 
0.35 A 
30 0 
0.5 
40 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
610A 
MD6002 
CG 
.575 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
654 
MD6002F 
CG 
0.35 A 
30 0 
0.5 
100 
150 m 
200 
8.0 
60 
350 
0.4 
10 
150 m 
610A 
M06003 
CA 
.575 A 
30 0 
0.5 
70 
150 m 
200 
8.0 
0.4 
10 
150 m 
654 
MD6003F 
CA 
0.35 A 
30 O 
0.5 
70 
150 m 
200 
8.0 
0.4 
10 
150 m 
610A 
MD6100 
CA 
0.5 A 
45 0 
0.05 
100 
0.1 
m 
30 
4.0 
.25 
10 
1.0 m 
654 
M06100F 
CA 
0.35 A 
45 0 
0.05 
100 
0.1 
m 
30 
4.0 
.25 
10 
10 m 
610A 
MD7000 
NA 
0.575 A 
30 0 
0.5 
70 
150 m 
200 
8.0 
0.4 
10 
150 m 
654 
MD7001 
PA 
0.6 A 
30 0 
0.6 
70 
150 m 
200 
8.0 
0.4 
10 
150 m 
654 
MD7001F 
PA 
0.350 A 
30 0 
0.6 
70 
150 m 
200 
8.0 
0.4 
10 
150 m 
610A 
MD7O02 
NA 
0.575 A 
40 0 
0.03 
40 
100 u 
200 
6.0 
.35 
10 
10 m 
654 
MD7002A 
NM 
0.575 A 
40 O 
0.03 
40 
100 u 
200 
6.0 
0.75 
25 
.35 
10 
10 m 
654 
MD7002B 
NM 
0.575 A 
40 0 
0.03 
40 
100 u 
200 
6.0 
0.85 
15 
.35 
10 
10 m 
654 
MD7003 
NA 
0.55 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
.35 
10 
1.0 m 
654 
MD7003A 
NM 
0.55 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
0.75 
25 
.35 
10 
1.0 m 
654 
MD7003AF 
NM 
0.35 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
0.76 
25 
.35 
10 
1.0 m 
610A 
MD7003B 
NM 
0.55 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
0.85 
15 
.35 
10 
1.0 m 
654 
M07003F 
NA 
0.35 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
.35 
10 
1.0 m 
610A 
MD7004 
NA 
0.55 A 
13 0 
0.2 
30 
10 m 
675* 
4.0 
0.4 
10 
10 m 
654 
MD7004F 
NA 
0.35 A 
13 0 
0.2 
30 
10 m 
675* 
4.0 
0.4 
10 
10 m 
610A 
MD7005 
PA 
0.55 A 
12 0 
0.05 
30 
3.0 m 
650 
3.0 
0.4 
10 
10 m 
654 


Some columnsshow 2 different typesofdata indicatedby eitherbold or italic typefaces.See key andheadings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


hFE1 ^vBE 
Gp 
NF @ f 
mV 
dB 
dB 
hFE2 
Max 
Min 
Max 
pD 
- 
Watts J 
Ono 
* VCE-I 
Votts-g 
'c 
*T 
C0b 
'on 
'oil 
VCE "l'c 
^ 
PACKAGE 
TYPE NO. 
ID 
Amp 
hFE@lr i 
MHz 
PF 
ns 
ns 
lsatl<§>— & Ir 
5 
TO-1 Case 
Die 
• 
Max 
Min 
~ 
3 
Min 
Max 
Max 
Max 
Volts] Ig I 
No. 
No. 
Only 
Typ* 
Typ* Typ' 
Typ' 
Max\ 
I 
1 


MD7005F 
PA 
0.35 A 
12 0 
0.05 
30 
3.0 m 
650 
3.0 
0.4 
10 
70 m 
610A 


MD7007 
PA 
0.575 A 
40 0 
0.2 
30 
1.0 m 
300 
8.0 
1.0 
10 
50 m 
654 


MD7007A 
PM 
0.575 A 
50 0 
0.2 
30 
1.0 m 
300 
8.0 
0.75 
20 
1.0 
10 
50 m 
654 


MD7007B 
PM 
0.575 A 
60 0 
0.2 
30 
1.0 m 
300 
8.0 
0.85 
10 
1.0 
10 
50 m 
654 


MD7007BF 
PM 
0.35 A 
40 0 
0.2 
30 
1.0 m 
300 
8.0 
0.85 
10 
1.0 
10 
50 m 
610A 


MD7007F 
PA 
0.35 A 
40 0 
0.2 
30 
1.0 m 
300 
8.0 
1.0 
10 
50 m 
610A 


MD7021 
CG 
0.55 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
28' 
72' 
.35 
10 
10 m 
654 


MD7021F 
CG 
0.35 A 
40 0 
0.05 
50 
10 m 
200 
6.0 
28' 
72' 
.35 
10 
10 m 
610A 


MD8001 
NM 
0.575 A 
40 0 
0.03 
100 
1.0 m 
260* 
2.6* 
15 
654 


MD8002 
NM 
0.575 A 
40 0 
0.03 
100 
1.0 m 
260* 
2.6* 
15 
654 


MD8003 
NM 
0.575 A 
40 0 
0.03 
100 
1.0 m 
260* 
2.6* 
15 
654 


2N2060 
NM 
0.5 A 
60 0 
0.5 
30 
100 u 
60 
15 
0.9 
5.0 
8.0 
1000 H 
78 
654 


2N2060A 
NM 
0.5 A 
60 0 
0.5 
30 
100 u 
60 
15 
0.9 
3.0 
0.6 
10 
50 m 
78 
654 


2N2223 
NM 
0.5 A 
60 0 
0.5 
25 
100 u 
50 
15 
0.8 
15 
1.2 
10 
50 m 
78 
654 


2N2223A 
NM 
0.5 A 
60 0 
0.5 
25 
100 u 
50 
15 
0.9 
5.0 
1.2 
10 
50 m 
78 
654 


2N2453 
NM 
0.5 A 
30 0 
0.05 
80 
10 u 
60 
8.0 
0.9 
3.0 
7.0 
1000 H 
78 
654 


2N2453A 
NM 
0.5 A 
50 0 
0.05 
80 
10 u 
60 
8.0 
0.9 
3.0 
4.0 
1000 H 
78 
654 


2N2480 
NM 
0.3 A 
35 0 
0.5 
30 
1.0 m 
50 
20 
0.8 
10 
8.0 
1000 H 
78 
654 


2N2480A 
NM 
0.3 A 
40 0 
0.5 
50 
1.0 m 
50 
18 
0.8 
5.0 
1.3 
10 
50 m 
78 
654 


2N2639 
NM 
0.3 A 
45 0 
0.03 
50 
10 u 
80 
8.0 
0.9 
5.0 
4.0 
AUD 
78 
654 


2N2640 
NM 
0.3 A 
45 0 
0.03 
50 
10 u 
80 
8.0 
0.8 
10 
4.0 
AUD 
78 
654 


2N2641 
NE 
0.3 A 
45 0 
0.03 
50 
10 u 
80 
8.0 
4.0 
AUD 
78 
654 


2N2642 
NM 
0.3 A 
45 0 
0.03 
100 
10 u 
80 
8.0 
0.9 
6.0 
4.0 
AUD 
78 
654 


2N2643 
NM 
0.3 A 
45 0 
0.03 
100 
10 u 
80 
8.0 
0.8 
10 
4.0 
AUD 
78 
654 


2N2644 
NE 
0.3 A 
45 0 
0.03 
100 
10 u 
80 
8.0 
4.0 
AUD 
78 
654 


2N2652 
NM 
0.3 A 
60 0 
0.5 
50 
1.0 m 
60 
15 
0.85 
3.0 
1.2 
70 
50 m 
78 
654 


2N2652A 
NM 
0.3 A 
60 0 
0.5 
50 
1.0 m 
60 
15 
0.9 
3.0 
8.0 
1000 H 
78 
654 


2N2720 
NM 
0.3 A 
60 0 
0.04 
30 
0.1 
m 
80 
6.0 
0.9 
5.0 
1.0 
10 
70 m 
78 
654 


2N2721 
NM 
0.3 A 
60 0 
0.04 
30 
0.1 
m 
80 
6.0 
0.8 
10 
1.0 
10 
10 m 
78 
654 


2N2722 
NM 
0.3 A 
45 0 
0.04 
50 
1.0 u 
100 
6.0 
0.9 
5.0 
1.0 
20 
10 m 
78 
654 


2N2903 
NM 
0.6 C 
30 0 
0.05 
125 
1.0 m 
60 
8.0 
0.8 
10 
7.0 
1000 H 
78 
654 


2N2903A 
NM 
0.6 C 
30 0 
0.05 
125 
1.0 m 
60 
8.0 
0.9 
5.0 
7.0 
1000 H 
78 
654 


2N2913 
NE 
0.3 A 
45 0 
0.03 
60 
10 u 
60 
6.0 
4.0 
AUD 
654 


2N2914 
NE 
0.3 A 
45 0 
0.03 
150 
10 u 
60 
6.0 
3.0 
AUD 
654 


2N2915 
NM 
0.3 A 
45 0 
0.03 
60 
10 u 
60 
6.0 
0.9 
5.0 
4.0 
AUD 
654 


2N2916 
NM 
0.3 A 
45 0 
0.03 
150 
10 u 
60 
6.0 
0.9 
5.0 
3.0 
AUD 
654 


2N2917 
NM 
0.3 A 
45 0 
0.03 
60 
10 u 
60 
6.0 
0.8 
10 
4.0 
AUD 
654 


2N2918 
NM 
0.3 A 
45 0 
0.03 
150 
10 u 
60 
6.0 
0.8 
10 
3.0 
AUD 
654 


2N2919 
NM 
0.3 A 
60 0 
0.03 
60 
10 u 
60 
6.0 
0.9 
5.0 
4.0 
AUD 
654 


2N2920 
NM 
0.3 A 
60 0 
0.03 
150 
10 u 
60 
6.0 
0.9 
5.0 
3.0 
AUD 
654 


2N3043 
NM 
0.25 A 
45 0 
0.03 
100 
10 u 
30 
8.0 
0.9 
5.0 
5.0 
AUD 
610A 


2N3044 
NM 
0.25 A 
45 0 
0.03 
100 
10 u 
30 
8.0 
0.8 
10 
5.0 
AUD 
610A 


2N3045 
NE 
0.25 A 
45 0 
0.03 
100 
10 u 
30 
8.0 
5.0 
AUD 
610A 


2N3046 
NM 
0.25 A 
45 0 
0.03 
50 
10 u 
30 
8.0 
0.9 
5.0 
5.0 
AUD 
610A 


2N3047 
NM 
0.25 A 
45 0 
0.03 
50 
10 u 
30 
8.0 
0.8 
10 
5.0 
AUD 
610A 


2N3048 
NE 
0.25 A 
45 0 
0.03 
50 
10 u 
30 
8.0 
5.0 
AUD 
610A 


2N3726 
PE 
0.4 A 
45 0 
0.3 
135 
1.0 m 
200 
8.0 
0.9 
5.0 
4.0 
1000 H 
654 


Some columns show 2 different types ofdata indicated byeither boldoritalic typefaces. Seekeyand headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 3. Dual Transistors (continued) 


TYPE NO. 
ID 


pD 
_ 
Wan* § 
Ono 
°: 
Oio | 
Only 


VCE-1 
Volt* -§ 
M 


'C 
Amp 
Max 
hFE @lc E 
Min j 
° 


MHz 
Min 


cob 
pF 
Max 


nFE1 


hFE2 


'on 
ns 
Max 


*VBE 
mV 
Max 


'oil 
ns 
Max 


Gp 
NF 
<§> f 
dB 
dB 
Min 
Max 


vCE "l'c 


(sat)@ —Stir 
s 
Volts\ Ig 1 
Maxl 
1 


PACKAGE 
TO- ICoio 
No. 
No. 


2N3727 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 


PE 
PE 
PE 
PM 
PM 
PM 


0.4 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 


45 0 
60 0 
60 0 
60 0 
60 0 
60 0 


0.3 
0.05 
0.05 
0.05 
0.05 
0.05 


135 
150 
300 
150 
300 
150 


1.0 m 
0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 


200 
100 
100 
100 
100 
100 


8.0 
4.0 
4.0 
4.0 
4.0 
4.0 


0.9 


0.8 
0.8 
0.9 


2.5 


5.0 
5.0 
3.0 


4.0 
7.0 
4.0 
7.0 
4.0 
7.0 


1000 H 
100 H 
100 H 
100 H 
100 H 
100 H 


654 
654 
654 
654 
654 
654 


2N3810A 
2N3811 
2N3811A 
2N3812 
2N3813 
2N3814 


PM 
PM 
PM 
PM 
PA 
PM 


0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 


60 0 
60 0 
60 0 
60 0 
60 0 
60 0 


0.05 
0.05 
0.05 
0.05 
0.05 
0.05 


150 
300 
300 
150 
300 
150 


0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 


100 
100 
100 
100 
100 
100 


4.0 
4.0 
4.0 
4.0 
4.0 
4.0 


0.96 
0.9 
0.96 


0.8 


1.5 
3.0 
1.6 


5.0 


3.0 
4.0 
1.6 
3.6 
2.6 
7.0 


100 H 
100 H 
100 H 
AUD 
AUD 
100 H 


654 
654 
654 
610A 
610A 
610A 


2N3815 
2N3816 
2N3816A 
2N3817 
2N3817A 
2N3838 


PM 
PM 
PM 
PM 
PM 
CE 


0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.25 A 


60 0 
60 0 
60 0 
60 0 
60 0 
40 0 


0.05 
0.05 
0.05 
0.05 
0.05 
0.6 


300 
150 
150 
300 
300 
100 


0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 
0.1 
m 
150 m 


100 
100 
100 
100 
100 
200 


4.0 
4.0 
4.0 
4.0 
4.0 
8.0 


0.8 
0.9 
0.95 
0.9 
0.96 
50 


5.0 
3.0 
1.5 
3.0 
1.5 
340 


4.0 
7.0 
7.0 
4.0 
4.0 
8.0 


100 H 
100 H 
100 H 
100 H 
100 H 
1000 H 


610A 
610A 
610A 
610A 
610A 
610A 


2N4015 
2N4016 
2N4854 
2N4855 
2N4937 
2N4938 


PM 
PM 
CE 
CE 
PM 
PM 


0.4 A 
0.4 A 
0.3 A 
0.3 A 
0.6 A 
0.6 A 


60 0 
60 0 
40 0 
40 0 
40 0 
40 0 


0.3 
0.3 
0.6 
0.6 
0.05 
0.05 


135 
135 
100 
40 
50 
50 


1.0 m 
1.0 m 
150 m 
150 m 
1.0 m 
1.0 m 


200 
200 
200 
200 
300 
300 


8.0 
8.0 
8.0 
8.0 
5.0 
5.0 


0.9 
0.9 
(50 
60 
0.9 
0.8 


5.0 
2.5 
350 
350 
3.0 
5.0 


4.0 
4.0 
8.0 
8.0 
4.0 
4.0 


1000 H 
1000 H 
1000 H 
1000 H 
AUD 
AUD 


654 
654 
654 
654 
654 
654 


2N4939 
2N4940 
2N4941 
2N4942 
2N5793 
2N5794 


PE 
PM 
PM 
PE 
NG 
NG 


0.6 A 
0.6 A 
0.6 A 
0.6 A 
0.5 A 
0.5 A 


40 0 
40 0 
40 0 
40 0 
40 0 
40 0 


0.05 
0.05 
0.05 
0.05 
0.6 
0.6 


50 
50 
50 
50 
40 
100 


1.0 m 
1.0 m 
1.0 m 
1.0 m 
150 m 
150 m 


300 
300 
300 
300 
200 
200 


5.0 
5.0 
5.0 
5.0 
8.0 
8.0 


0.8 
0.9 


45 
45 


5.0 
3.0 


310 
310 
0.3 
0.3 


4.0 
4.0 
4.0 
4.0 
10 
10 


AUD 
AUD 
AUD 
AUD 
150 m 
150 m 


654 
610A 
610A 
610A 
654 
654 


2N5795 
2N5796 
2N6502 
2N6503 


NG 
NG 
NS 
NS 


0.5 A 
0.5 A 
0.6 A 
0.6 A 


60 0 
60 0 
40 0 
40 0 


0.6 
0.6 
1.0 
1.0 


40 
100 
50 
50 


150 m 
150 m 
100 m 
100 m 


200 
200 
250 
250 


8.0 
8.0 
10 
10 


47 
47 
35 
35 


140 
140 
60 
60 


0.4 
0.4 
0.3 
0.3 


10 
10 
10 
10 


150 m 
150 m 
100 m 
100 m 


654 
654 
654 
610A 


Some columnsshow 2 different typesofdata indicatedby eitherbold or italic typefaces.See key andheadings. 
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Field-Effect Transistors 


CASE 27-02 
TO-52 
CASE 29-02 
TO-92 


CASE 317-01 
Macro-X 


Motorola offers a line of field-effect transistors that encom 
passesthelatest technology andcovers thefull range ofFET 
applications. Included hereis a wide variety ofjunction FETs, 
MOSFETs (with P- or N-channel polarity with both single and 
dual gates) andTMOS FETs. TheseFETs include devices de 
veloped for operation across the frequency range from dc to 
UHF inswitching and amplifying applications. Packageoptions 


from low cost plastic to metal TO-72 packages are available. 
The selector guides on the following pages are designed to 
emphasize those FETfamilies and device typesthat, byvirtue 
of widespread industry use, ease of manufacture and, conse 
quently, low relative cost,merit first consideration fornewequip 
ment design. 


JFETs 


TABLE 1. Switches and Choppers 
JFETs operate inthe depletion mode. They are available in both P-and N- 
channel and are offered inbothmetaland plastic packages. Applications include 
general-purpose amplifiers, switches and choppers, and RF amplifiers and mixers. 
These devicesare economical and very rugged. The drainand sourceare inter 
changeable on many typical FETs. 


JFETs 


P-CHANNEL 


N-CHANNEL 


P-Channel JFETs 
S 


Package 
TO- 
Device 


rds(on) 
VGS(off) 
loss 
V(BR)GSS 
V(BR)GDO 
C|8S 
Cres 
•on 
*oft 


(ft) 
MAX 


@ 
id 
(nA) 


(V 


MIN 


0 


MAX 


(m 


MIN 


A) 


MAX 
(V) 
MIN 
(PF) 
MAX 
(pF) 
MAX 
(ns) 
MAX 
(ns) 
MAX 


92 
MPF970 
100 
1.0 
5.0 
12 
15 
100 
30 
12 
5.0 
8.0 
25 


92 
MPF971 
250 
1.0 
1.0 
7.0 
2.0 
80 
30 
12 
5.0 
10 
120 


72 
2N3993 
150 


— 
4.0 
9.5 
10 
— 
25 
16 
4.5 
— 


72 
2N3994 
300 
1.0 
5.5 
2.0 
— 
25 
16 
4.5 
— 
— 


72 
2N3994A 
300 
- 
1.0 
5.5 
2.0 
— 
25 
12 
3.0 
— 
— 


N-Channel JFETs 


18 
MFE2012 
10 
3.0 
10 
100 
— 
25 
50 
20 
16 
37 


18 
MFE2011 
15 
1.0 
1.0 
10 
40 
— 
25 
50 
20 
10 
20 


18 
2N4859A 
25 
2.0 
6.0 
50 
— 
30 
10 
4.0 
8.0 
20 


92 
MPF4859A 
25 
2.0 
6.0 
50 
— 
30 
10 
4.0 
8.0 
20 


18 
2N4856A 
25 
4.0 
10 
50 
— 
40 
10 
4.0 
8.0 
20 


92 
MPF4856A 
25 
4.0 
10 
50 
— 
40 
10 
4.0 
8.0 
20 


18 
2N4856 
26 
4.0 
10 
50 
— 
40 
10 
8.0 
9.0 
25 


92 
MPF4856 
25 
- 
4.0 
10 
50 
— 
40 
10 
8.0 
9.0 
25 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 1. Switches and Choppers (continued) 


N-Channel JFETs (continued) 


Package 
TO- 
Device 


rds(on) 
VQS(off) 
toss 
V(BR)GSS 
V(BR)GDO 
Ciss 
cras 
ton 
toff 


(ft) 
MAX 


@ 
id 
(HA) 


r 


MIN 


/) 


MAX 


(m 


MIN 


A) 


MAX 
(V) 
MIN 
(PF) 
MAX 
(PF) 
MAX 
(na) 
MAX 
(na) 
MAX 


18 
2N4859 
25 
— 
4.0 
10 
50 
— 
30 
18 
8.0 
9.0 
25 


92 
MPF4859 
25 
— 
4.0 
10 
50 
— 
30 
18 
8.0 
9.0 
25 


18 
MFE2010 
25 
1.0 
0.5 
10 
15 
— 
25 
50 
20 
10 
35 


18 
2N4391 
30 
1.0 
4.0 
10 
50 
150 
40 
14 
3.5 
15 
20 
92 
MPF4391 
30 
1.0 
4.0 
10 
60 
130 
20 
10 
3.5 
15 
20 
92 
2N638 
30 
1.0 
— 
(12) 
50 
— 
30 
10 
4.0 
9.0 
15 


18 
2N4091 
30 
1.0 
5.0 
10 
30 
— 
40 
16 
5.0 
25 
40 
92 
MPF4091 
30 
1.0 
5.0 
10 
30 
— 
40 
16 
5.0 
25 
40 


92 
J111 
30 
1.0 
3.0 
10 
20 
— 
35 
10t. 
5.0« 
13 
35 


18 
MFE2006 
30 
1.0 
-5.0 
-10 
30 
— 
-30 
16 
5.0 
20 
40 


18 
2N3970 
30 
1.0 
4.0 
10 
50 
150 
40 
25 
6.0 
20 
30 
92 
MPF3970 
30 
1.0 
4.0 
10 
50 
150 
40 
25 
6.0 
20 
30 
18 
2N4057A 
40 
— 
2.0 
6.0 
20 
100 
40 
10 
3.5 
10 
40 
92 
MPF4857A 
40 
— 
2.0 
6.0 
20 
100 
40 
10 
3.5 
10 
40 
18 
2N860A 
40 
— 
2.0 
6.0 
20 
100 
30 
10 
3.5 
10 
40 
92 
MPF4860A 
40 
— 
2.0 
6.0 
20 
100 
30 
10 
3.5 
10 
40 
18 
2N4857 
40 
— 
2.0 
6.0 
20 
100 
40 
18 
8.0 
10 
50 
92 
MPF4857 
40 
— 
2.0 
6.0 
20 
100 
40 
18 
8.0 
10 
50 
18 
2N4860 
40 
— 
2.0 
6.0 
20 
100 
30 
18 
8.0 
10 
50 
92 
MPF4860 
40 
— 
2.0 
6.0 
20 
100 
30 
18 
8.0 
10 
50 
92 
2N5653 
50 
1.0 
— 
(12)« 
40 
— 
30 
10 
3.5 
9.0 
15 
18 
2N4092 
50 
1.0 
2.0 
7.0 
15 
— 
40 
16 
5.0 
35 
60 
92 
MPF4092 
50 
1.0 
2.0 
7.0 
15 
— 
40 
16 
5.0 
35 
60 
92 
J112 
50 
1.0 
1.0 
5.0 
5.0 
— 
35 
10« 
5.0» 
13t 
35t 
18 
MFE2005 
50 
1.0 
-2.0 
-8.0 
15 
— 
-30 
16 
5.0 
35 
60 
18 
2N4392 
60 
1.0 
2.0 
5.0 
25 
75 
40 
14 
3.5 
15 
35 
92 
MPF4392 
60 
1.0 
2.0 
5.0 
25 
75 
20 
10 
3.5 
15 
35 
18 
2N4858A 
60 
1.0 
0.8 
4.0 
8.0 
80 
40 
10 
3.5 
16 
80 
92 
MPF4858A 
60 
1.0 
0.8 
4.0 
8.0 
80 
40 
10 
3.5 
16 
80 
18 
2N4861A 
60 
— 
0.8 
4.0 
8.0 
80 
30 
10 
3.5 
16 
80 
92 
MPF4861A 
60 
— 
0.8 
4.0 
8.0 
80 
30 
10 
3.5 
16 
60 
92 
2N5639 
60 
1.0 
— 
(8.0)1 
25 
— 
30 
10 
4.0 
14 
30 
18 
2N3971 
60 
1.0 
2.0 
5.0 
25 
75 
40 
25 
6.0 
30 
60 
92 
MPF3971 
60 
1.0 
2.0 
5.0 
25 
75 
40 
25 
6.0 
30 
60 
18 
2N4858 
60 
— 
0.8 
4.0 
8.0 
80 
40 
18 
8.0 
20 
100 
92 
MPF4858 
60 
— 
0.8 
4.0 
8.0 
80 
40 
18 
8.0 
20 
100 
18 
2N4861 
60 
— 
0.8 
4.0 
8.0 
80 
30 
18 
8.0 
20 
100 
92 
MPF4861 
60 
— 
0.8 
4.0 
8.0 
80 
30 
18 
8.0 
20 
100 
18 
2N4093 
80 
1.0 
1.0 
5.0 
80 
— 
40 
16 
5.0 
60 
80 
92 
MPF4093 
80 
1.0 
1.0 
5.0 
80 
— 
40 
16 
5.0 
60 
80 
18 
MFE2004 
80 
1.0 
-1.0 
-6.0 
8.0 
— 
-30 
16 
5.0 
60 
80 
72 
MFE3002 
100 
10V 
— 
3.0 
— 
10 
15 
5.0 
1.5 
18 
2N4393 
100 
1.0 
0.5 
3.0 
5.0 
30 
40 
14 
3.5 
15 
50 
92 
MPF4393 
100 
1.0 
0.5 
3.0 
5.0 
30 
20 
10 
3.5 
15 
55 
92 
2N5654 
100 
1.0 
— 
(8.0) 
15 
— 
25 
10 
3.5 
14 
30 
92 
2N5640 
100 
1.0 
- 
(60) 
5.0 
- 
30 
10 
4.0 
18 
45 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 1. Switches and Choppers (continued) 


N-Channel JFETs (continued) 


Device 


rd8(on) 
VGS(off) 
loss 
V(BR)GSS 
V(BR)GDO 
Claa 
craa 
ton 
toff 


Package 
TO- 
(ft) 
MAX 


@ 
id 
(l»A) 


(V 


MIN 
MAX 


(mA) 


MIN 
MAX 
(V) 
MIN 
(PF) 
MAX 
(PF) 
MAX 
(ns) 
MAX 
(ns) 
MAX 


18 
2N3972 
100 
1.0 
0.5 
3.0 
5.0 
30 
40 
25 
6.0 
80 
100 


92 
MPF3972 
100 
1.0 
0.5 
3.0 
5.0 
30 
40 
25 
6.0 
80 
100 


92 
J113 
100 
1.0 
0.5 
3.0 
2.0 
— 
35 
10« 
5.0« 
13« 
35« 


92 
BF246 
0.5 
14 
10 
300 
25 
— 
— 
— 
— 


92 
BF246A 
35l 
1.0 
1.5 
4.0 
30 
80 
25 
— 
— 
— 
— 


92 
BF246B 
50t 
1.0 
3.0 
7.0 
60 
140 
25 
— 
— 
— 
— 


92 
BF246C 
65t 
1.0 
5.5 
12.0 
110 
250 
25 
— 
— 
— 
~~ 


92 
J107 
8 
0.5 
4.5 
100 
— 
25 
— 
— 
— 
— 


92 
J108 
8 


— 
3.0 
10.0 
80 
— 
25 
— 
— 
— 


92 
J109 
12 
2.0 
6.0 
40 
— 
25 
— 
— 
— 
— 


92 
J110 
18 
— 
| 
0.5 
4.0 
10 
— 
1 
25 
— 
— 
— 
— 


t = typical 


TABLE 2. Low-Frequency/Low-Noise 


P-Channel JFETs 


Package 
TO- 
Device 


Relvfsi 
RelYosl 
Clss 
crs8 
V(BR)GSS 
V(BR)GDO 
VQS(Off) 
loss 


(mmho) 
MIN 
(tunho) 
MAX 
(pF) 
(MAX) 
(pF) 
MAX 
(V) 
MIN 


(V 


MIN 


) 


MAX 


(mi 


MIN 


*) 


MAX 


92 
MPF161 
0.8 
75 
7.0 
2.0 
40 
0.2 
8.0 
-0.5 
-14 


72 
2N5265 
0.9 
75 
7.0 
2.0 
60 
0.3 
1.5 
0.5 
1.0 


72 
MFE4009 
1.0 
20 
20 
— 
20 
— 
5.0 
1.0 
3.0 


72 
MFE4012 
1.0 
100 
20 
— 
20 
— 
8.0 
5.0 
15 


72 
2N5267/8 
1.0 
20 
20 
— 
20 
— 
6.0 
1.0 
6.0 


72 
2N3909 
1.0 
100 
32 
16 
20 
0.3 
7.9 
0.3 
15 


18 
MFE4007 
1.0 
20 
25 
7.0 
25 
0.3 
1.5 
0.3 
1.2 


28 
2N2608 
1.0 
17 
— 
— 
30 
1.0 
4.0 
0.9 
4.5 


92 
MPF2608 
1.0 


— 
17 
— 
30 
1.0 
4.0 
0.9 
4.5 


92 
2N5460 
1.0 
50 
7.0 
2.0 
40 
0.75 
6.0 
1.0 
5.0 


72 
2N5266 
1.0 
75 
7.0 
2.0 
60 
0.4 
2.0 
0.8 
1.6 


92 
2N5463 
1.0 
75 
7.0 
2.0 
60 
0.5 
4.0 
1.0 
5.0 


72 
2N3330 
1.5 
40 
20 
— 
20 
— 
6.0 
2.0 
6.0 


92 
MPF3330 
1.5 
40 
20 
— 
20 
— 
6.0 
2.0 
6.0 


18 
MFE4009 
1.5 
20 
25 
7.0 
25 
0.5 
2.5 
1.0 
3.5 


92 
2N5461 
1.5 
50 
7.0 
2.0 
40 
1.0 
7.5 
2.0 
9.0 


72 
2N5267 
1.5 
75 
7.0 
2.0 
60 
1.0 
4.0 
1.5 
3.0 


92 
2N5464 
1.5 
75 
7.0 
2.0 
60 
0.8 
4.5 
2.0 
9.0 


92 
2N4360 
2.0 
100 
20 
5.0 
20 
0.4 
9.0 
3.0 
30 


92 
2N4342 
2.0 
75 
20 
5.0 
25 
— 
5.5 
4.0 
12 


92 
2N5462 
2.0 
50 
7.0 
2.0 
40 
1.8 
9.0 
4.0 
16 


72 
2N5268 
J 2.0 
75 
7.0 
2.0 
| 
60 
1.0 
4.0 
2.5 
5.0 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 2. Low-Frequency/Low-Noise (continued) 


P-Channel JFETs 


Package 
TO- 
Device 


BelYfsl 
Rel Yosl 
C|as 
craa 
V(BR)GSS 
V(BR)GDO 
VGS(o«) 
loss 


(mmho) 
MIN 
(ixmho) 
MAX 
(PF) 
(MAX) 
(pF) 
MAX 
(V) 
MIN 


(V) 


MIN 
MAX 


(mA) 


MIN 
MAX 


92 
2N5465 
2.0 
75 
7.0 
2.0 
60 
1.5 
6.0 
4.0 
16 


72 
2N3909A 
2.2 
100 
9.0 
3.0 
20 
0.3 
7.9 
1.0 
15 


72 
2N5269 
2.2 
75 
7.0 
2.0 
60 
2.0 
6.0 
4.0 
8.0 


18 
2N2609 
2.5 
— 
30 
— 
30 
1.0 
4.0 
2.0 
10 


92 
MPF2609 
2.5 
— 
30 
— 
30 
1.0 
4.0 
2.0 
10 


72 
2N5270 
2.5 
75 
7.0 
2.0 
60 
2.0 
6.0 
7.0 
14 


N-Channel JFETs 


Package 
TO- 
Device 


RelYfal 
RelYosl 
C|88 
crss 
V(BR)GSS 
V(BR)GD0 
vGS(off) 
IDSS 


(mmho) 
MIN 


@ 
f 
(MHz) 
(nmho) 
MAX 


@ 
f 
(MHz) 
(PF) 
(MAX) 
(PF) 
MAX 
00 
MIN 


0 


MIN 


/) 


MAX 


(tn 


MIN 


A) 


MAX 


18 
2N3370 
0.3 
30 
15 
30 
20 
3.0 
40 
_ 
3.2 
0.1 
0.6 


92 
MPF111 
0.5 
10 
200 
10 
— 
— 
20 
0.5 
10 
0.5 
20 


92 
J201 
0.5 
20 
1.0t 
20 
5.0« 
2.0t 
40 
0.3 
1.5 
0.2 
1.0 


18 
2N3369 
0.6 
30 
30 
30 
20 
3.0 
40 
— 
6.5 
0.5 
2.5 


92 
MPF109 
0.8 
15 
75 
15 
7.0 
3.0 
25 
0.2 
8.0 
0.5 
24 


18 
2N4339 
0.8 
15 
15 
15 
7.0 
3.0 
50 
0.6 
1.8 
0.5 
1.5 


92 
MPF4339 
0.8 
15 
15 
15 
7.0 
3.0 
50 
0.6 
1.8 
0.5 
1.5 


18 
2N3460 
0.8 
20 
5.0 
30 
18 
6.0 
50 
— 
1.8 
0.2 
1.0 


18 
2N3438 
0.8 
20 
5.0 
30 
18 
6.0 
50 
— 
2.3 
0.2 
1.0 


72 
2N4220 
1.0 
15 
10 
15 
6.0 
2.0 
30 
— 
4.0 
0.5 
3.0 


92 
MPF4220 
1.0 
15 
10 
15 
6.0 
2.0 
30 
— 
4.0 
0.5 
3.0 


72 
2N4220A 
1.0 
15 
10 
15 
6.0 
2.0 
30 
— 
4.0 
0.5 
3.0 


92 
MPF4220A 
1.0 
15 
10 
15 
6.0 
2.0 
30 
— 
4.0 
0.5 
3.0 


72 
2N5358 
1.0 
15 
10 
15 
6.0 
2.0 
40 
0.5 
3.0 
0.5 
1.0 
92 
J202 
1.0 
20 
3.5t 
20 
5.0« 
2.0t 
40 
0.8 
4.0 
0.9 
4.5 


18 
2N3368 
1.0 
30 
80 
30 
20 
3.0 
40 
— 
11.5 
2.0 
12 
72 
2N5359 
1.2 
15 
10 
15 
6.0 
2.0 
40 
0.8 
4.0 
0.6 
1.6 


18 
2N4340 
1.3 
15 
30 
15 
7.0 
3.0 
50 
1.0 
3.0 
1.2 
3.6 
72 
2N5360 
1.4 
15 
20 
15 
6.0 
2.0 
40 
0.8 
4.0 
0.5 
2.5 


94 
2N5458 
1.5 
15 
50 
15 
7.0 
3.0 
25 
1.0 
7.0 
2.0 
9.0 
72 
2N5361 
1.5 
15 
20 
15 
6.0 
2.0 
40 
1.0 
6.0 
2.5 
5.0 
92 
J203 
1.5 
20 
10« 
20 
5.0« 
2.01 
40 
2.0 
10 
4.0 
20 


18 
2N3459 
1.5 
20 
20 
30 
18 
6.0 
50 
— 
3.4 
0.8 
4.0 
72 
2N3821 
1.5 
15 
10 
15 
6.0 
3.0 
50 
— 
4.0 
0.5 
2.5 
92 
MPF3821 
1.5 
15 
10 
15 
6.0 
3.0 
50 
— 
4.0 
0.5 
2.5 
18 
2N3437 
1.5 
20 
20 
30 
18 
6.0 
50 
— 
4.8 
0.8 
4.0 
92 
2N5457 
2.0 
15 
50 
15 
7.0 
3.0 
25 
0.5 
6.0 
1.0 
5.0 
92 
2N5459 
2.0 
15 
50 
15 
7.0 
3.0 
25 
2.0 
8.0 
4.0 
16 
72 
2N4221 
2.0 
15 
20 
15 
6.0 
2.0 
30 
— 
6.0 
2.0 
6.0 
t = typical 
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FIELD-EFFECT TRANSISTORS (continued) 


TABLE 2. Low-Frequency/Low-Noise (continued) 


N-Channel JFETs 


Package 
TO- 
Device 


Rel Yfsl 
RelY isl 
C|88 
Crea 
V(BR)GSS 
V(BR)GDO 
VGS(off) 
•dss 


(mmho) 
MIN 


@ 
f 
(MHz) 
(limho) 
MAX 


@ 
f 
(MHz) 
(pF) 
(MAX) 
(PF) 
MAX 
(V) 
MIN 


(V) 


MIN 
MAX 


(mA) 


MIN 
MAX 


92 
MPF4221 
2.0 
15 
20 
15 
6.0 
2.0 
30 
— 
6.0 
2.0 
6.0 


72 
2N4221A 
2.0 
15 
20 
15 
6.0 
2.0 
30 
— 
6.0 
2.0 
6.0 


92 
MPF4221A 
2.0 
15 
20 
15 
6.0 
2.0 
30 
— 
6.0 
2.0 
6.0 


72 
2N5362 
2.0 
15 
40 
15 
6.0 
2.0 
40 
2.0 
7.0 
4.0 
8.0 


72 
2N3822 
2.0 
15 
20 
15 
6.0 
3.0 
50 
— 
6.0 
2.0 
10 


92 
MPF3822 
2.0 
15 
20 
15 
6.0 
3.0 
50 
— 
6.0 
2.0 
10 


18 
2N4341 
2.0 
15 
60 
15 
7.0 
3.0 
50 
2.0 
6.0 
3.0 
9.0 


72 
2N4222 
2.5 
15 
40 
15 
6.0 
2.0 
30 
— 
8.0 
5.0 
15 


92 
MPF4222 
2.5 
15 
40 
15 
6.0 
2.0 
30 
— 
8.0 
5.0 
15 


72 
2N4222A 
2.5 
15 
40 
15 
6.0 
2.0 
30 
— 
8.0 
5.0 
15 


92 
MPF4222A 
2.5 
15 
40 
15 
6.0 
2.0 
30 
— 
8.0 
5.0 
15 


72 
2N5363 
2.5 
15 
40 
15 
6.0 
2.0 
40 
2.5 
8.0 
7.0 
14 


18 
2N3458 
2.5 
20 
35 
30 
18 
6.0 
50 
— 
7.8 
3.0 
15 


18 
2N3436 
2.5 
20 
35 
30 
18 
6.0 
50 
— 
9.8 
3.0 
15 


72 
2N5364 
2.7 
15 
60 
15 
6.0 
2.0 
40 
2.5 
8.0 
9.0 
18 


92 
2N5670 
3.0 
15 
75 
15 
7.0 
3.0 
25 
2.0 
8.0 
8.0 
20 


18 
2N4398 
12t 
0.001 
_ 
— 
14 
3.5 
40 
0.5 
3.0 
5.0 
30 


72 
2N5556 
6.5 
0.001 
20 
15 
6.0 
3.0 
30 
0.2 
4.0 
0.5 
2.5 


72 
2N4117 
20 
0.001 
3.0 
10 
3.0 
1.5 
40 
0.6 
1.8 
30 
90 


92 
MPF4117 
20 
0.001 
3.0 
10 
3.0 
1.5 
40 
0.6 
1.8 
30 
90 


72 
2N4117A 
70 
0.001 
3.0 
10 
3.0 
1.5 
40 
0.6 
1.8 
30 
90 


92 
MPF4117A 
70 
0.001 
3.0 
10 
3.0 
1.5 
40 
0.6 
1.8 
30 
90 


72 
2N4118 
80 
0.001 
5.0 
10 
3.0 
1.5 
40 
1.0 
3.0 
80 
240 


92 
MPF4118 
80 
0.001 
5.0 
10 
3.0 
1.5 
40 
1.0 
3.0 
80 
240 


72 
2N4118A 
80 
0.001 
5.0 
10 
3.0 
1.5 
40 
1.0 
3.0 
80 
240 


92 
MPF4118A 
80 
0.001 
5.0 
10 
3.0 
1.5 
40 
1.0 
3.0 
80 
240 


72 
2N4119 
100 
0.001 
10 
10 
3.0 
1.5 
40 
2.0 
6.0 
200 
600 


92 
MPF4119 
100 
0.001 
10 
10 
3.0 
1.5 
40 
2.0 
6.0 
200 
600 


72 
2N4119A 
100 
0.001 
10 
10 
3.0 
1.5 
40 
2.0 
6.0 
200 
600 


92 
MPF4119A 
100 
0.001 
10 
10 
3.0 
1.5 
40 
2.0 
6.0 
200 
600 


t = typical 
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FIELD-EFFECT TRANSISTORS (continued) 


MOSFETs 


MOSFETs are available in either depletion/enhancement or enhancement mode 
(in general, depletion/enhancement devices are operated in the depletion mode and 
are referred to as depletion devices). They are available in both N- and P-channel, 
and both single gate and dual gate construction. Some MOSFETs are also offered 
withinput diode protection which reduces the chance of damage fromstatic charge 
in handling. 


TABLE 2. Low-Frequency/Low-Noise (continued) 


P-Channel MOSFETs 


MOSFETs 
Single Gate 


P-CHANNEL 
Enhancement 


N-CHANNEL 
I 
/ 
Depletion 


N-CHANNEL 
Enhancement 


Package 
TO- 
Device 


RelYfsl 
Cl83 
cra8 
V(BR)DSS 
VGS(TH) 
loss 


(mmho) 
MIN 
(limho) 
MAX 
(pF) 
(MAX) 
(pF) 
MAX 
(V) 
MIN 


0 


MIN 


0 


MAX 


(mA) 


MIN 
MAX 


72 
3N155 
1.0 
60 
5.0 
1.3 
-35 
-1.5 
-3.2 
— 
-1.0 


72 
3N156 
1.0 
60 
5.0 
1.3 
-35 
-3.0 
-5.0 
— 
-1.0 


72 
3N157 
1.0 
60 
5.0 
1.3 
-35 
-1.5 
-3.2 
— 
-1.0 


72 
3N155A 
1.0 
60 
5.0 
1.3 
-35 
-1.5 
-3.2 
— 
-0.25 


72 
3N156A 
1.0 
60 
5.0 
1.3 
-35 
-3.0 
-5.0 
— 
-0.25 


72 
3N157A 
1.0 
60 
5.0 
1.3 
-50 
-1.5 
-3.2 
— 
-0.25 


72 
3N158 
1.0 
60 
5.0 
1.3 
-35 
-3.0 
-5.0 
— 
-1.0 


72 
3N158A 
1.0 
60 
5.0 
1.3 
-25 
-2.0 
-6.0 
— 
-20 


18 
MFE823 
1.0 
— 
6.0 
1.5 
-50 
-3.0 
-5.0 
— 
-0.25 


72 
MFE3003 
— 
— 
5.0 
1.0 
-15 
— 
-4.0 
— 
10 


N-Channel MOSFETs 


18 
2N3796 
0.4 
1.8 
7.0 
0.8 
25 
— 
-7.0 
2.0 
6.0 


18 
MFE825 
0.5 
— 
4.0 
0.7 
20 
— 
— 
1.0 
25 


72 
2N4351 
1.0 
— 
5.0 
1.3 
25 
1.0 
5.0 
— 
10 


72 
3N169 
1.0 
— 
5.0 
1.3 
25 
0.5 
1.5 
_ 
10 


72 
3N170 
1.0 
— 
5.0 
1.3 
25 
1.0 
2.0 
— 
10 


72 
3N171 
1.0 
— 
5.0 
1.3 
25 
1.5 
3.0 
— 
10 


72 
MFE3002 
— 
— 
5.0 
1.0 
15 
— 
3.0 
— 
10 


18 
2N3797 
1.5 
- 
8.0 
0.8 
25 
— 
-7.0 
2.0 
6.0 
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FIELD-EFFECTTRANSISTORS (continued) 


TABLE 3. High-Frequency Amplifiers 


N-Channel JFETs 


Package 
TO- 


RelYfal 
RelYosl 
C|ss 
Craa 
NF 
V(BR)GSS 
V(BR)GDO 
VQS(oft) 
loss 


Device 
(mmho) 


MIN 


@ 
f 
(MHz) 
(fimho) 
MAX 


@ 
1 
(MHz) 
(PF) 
(MAX) 
(PF) 
MAX 
(dB) 
MAX 


@ 
RG = 1K 
f (MHz) 
(V) 
MIN 


(V) 


MIN 
MAX 


(mA) 


MIN 
MAX 


92 
2N5669 
1.6 
100 
100 
100 
7.0 
3.0 
2.5 
100 
25 
1.0 
6.0 
4.0 
10 


92 
MPF108 
1.6 
100 
200 
100 
6.5 
2.5 
3.0 
100 
25 
— 
8.0 
1.5 
24 


92 
MPF102 
1.6 
100 
200 
100 
7.0 
3.0 
— 
— 
25 
— 
8.0 
2.0 
20 


92 
2N3819 
1.6 
100 


— 
8.0 
4.0 
— 
— 
25 
— 
8.0 
2.0 
20 


92 
2N5668 
1.0 
100 
50 
100 
7.0 
3.0 
2.5 
100 
25 
0.2 
4.0 
1.0 
5.0 


72 
2N4224 
1.7 
200 
200 
200 
6.0 
2.0 
— 
— 
30 
0.1 
8.0 
20 
20 


92 
MPF4224 
1.7 
200 
200 
200 
6.0 
2.0 
— 
— 
30 
0.1 
8.0 
2.0 
20 


92 
2N5484 
2.5 
100 
75 
100 
5.0 
1.0 
3.0 
100 
25 
0.3 
3.0 
1.0 
5.0 


72 
MFE2000 
2.5 
0.001 
50 
0.001 
5.0 
1.0 
4.0 
400 
-25 
-0.5 
-0.4 
4.0 
10 


92 
2N5670 
2.5 
100 
150 
100 
7.0 
3.0 
2.5 
100 
25 
2.0 
8.0 
8.0 
20 


92 
2N5246 
2.5 
400 
100 
400 
4.5 
1.0 
— 
— 
30 
0.5 
4.0 
1.5 
7.0 


72 
2N4223 
2.7 
200 
200 
200 
6.0 
2.0 
5.0 
200 
30 
0.1 
8.0 
3.0 
18 


92 
MPF4223 
2.7 
200 
200 
200 
6.0 
2.0 
5.0 
200 
30 
0.1 
8.0 
3.0 
18 


92 
2N5485 
3.0 
400 
100 
400 
5.0 
1.0 
4.0 
400 
25 
1.0 
4.0 
4.0 
10 


92 
J305 
3.01 
400 
80* 
100 
3.0> 
0.8t 
4.0t 
400 
30 
0.5 
3.0 
1.0 
8.0 


72 
2N3823 
3.2 
200 
200 
200 
6.0 
2.0 
2.5 
100 
30 
— 
8.0 
4.0 
20 


92 
MPF3823 
3.2 
200 
200 
200 
6.0 
2.0 
2.5 
100 
30 
— 
8.0 
4.0 
20 


92 
2N5486 
3.5 
400 
100 
400 
5.0 
1.0 
4.0 
400 
25 
2.0 
6.0 
8.0 
20 


72 
MFE2001 
4.0 
0.001 
75 
0.001 
5.0 
1.0 
4.0 
400 
-25 
-2.0 
-6.0 
8.0 
20 


72 
2N4416 
4.0 
400 
100 
400 
4.0 
0.8 
4.0 
400 
30 
2.0 
6.0 
5.0 
15 


92 
MPF4416 
4.0 
400 
100 
400 
4.0 
0.8 
4.0 
400 
30 
2.0 
6.0 
5.0 
15 


72 
2N4416A 
4.0 
400 
100 
400 
4.0 
0.8 
4.0 
400 
30 
2.0 
6.0 
5.0 
15 


92 
MPF4416A 
4.0 
400 
100 
400 
4.0 
0.8 
4.0 
400 
30 
2.0 
6.0 
5.0 
15 


92 
2N5245 
4.0 
400 
100 
400 
4.5 
1.0 
4.0 
400 
30 
1.0 
6.0 
5.0 
15 


92 
2N5247 
4.0 
400 
150 
400 
4.5 
1.0 
4.0 
400 
30 
1.5 
8.0 
8.0 
24 


92 
J304 
4.2t 
400 
80« 
100 
3.0» 
0.8* 
4.01 
400 
30 
2.0 
6.0 
5.0 
15 


52 
U308 
10 
0.001 
150 
100 
5.0 
2.5 
3.0t 
450 
25 
1.0 
6.0 
12 
60 


52 
U309 
10 
0.001 
150 
100 
5.0 
2.5 
3« 
450 
25 
1.0 
4.0 
12 
30 


52 
U310 
10 
0.001 
150 
100 
5.0 
2.5 
3t 
450 
25 
2.5 
6.0 
24 
60 


92 
J308 
12t 
100 
250' 
100 
7.5 
2.5 
1.5t 
100 
25 
1.0 
6.5 
12 
60 


92 
J309 
12t 
100 
2501 
100 
7.5 
2.5 
1.5« 
100 
25 
1.0 
4.0 
12 
30 


92 
J310 
12t 
100 
2501 
100 
7.5 
2.5 
1.5« 
100 
25 
2.0 
6.5 
24 
60 


72 
MFE3004 
2.0 
0.001 


— 
4.5 
0.4 
4.5 
200 
20 
— 
-5.0 
2.0 
10 


72 
3N128' 
5.0 
| 0.001 
500 
I 200 
7.0 | 0.28 
5.0 
200 
-50 
-0.5 
-8.0 
5.0 
25 


t = typical 


'N-Cnannel MOSFET 
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FIELD-EFFECT TRANSISTORS (continued) 


MOSFETs (continued) 
TABLE 4. Dual Gate MOSFETs 


These devices are especially suited for RF amplifier and mixer applications in TV 
tuners, radio, etc. The Dual Gate construction also allows easy AGC control with very 
low power. 


Dual Gate MOSFETs 


MOSFETs 
Dual Gate 
N-CHANNEL 


Package 
TO- 
Device 


RelYfsl 
Rel Yosl 
C|88 
cra8 
NF 
V(BR)GSS 
v(BR)GDO 
vGS(off) 
loss 


(mmho) 
MIN 


@ 
f 
(MHz) 
(lunho) 
MAX 


@ 
f 
(MHz) 
(pF) 
(MAX) 
(pF) 
MAX 
(dB) 
MAX 


@ 
RG = 1K 
f (MHz) 
(V) 
MIN 


0 


MIN 


/) 


MAX 


(m 


MIN 


A) 


MAX 


72 
MFE140 
10 
0.001 
7.0 
0.05 
3.5 
105 
±7.0 
— 
4.0 
3.0 
30 


72 
MFE521 
10 
0.001 
4.0 
0.02 
3.5 
200 
10 
0.5 
2.0 
5.0 
20 


72 
3N211 
17 
0.001 
— 
0.05 
3.5 
200 
±6.0 
-0.2 
-5.5 
6.0 
40 


M 
MPF211 
17 
0.001 
— 
0.05 
3.5 
200 
±6.0 
-0.2 
-5.5 
6.0 
40 


72 
3N206 
7.0 
0.001 
— 
0.03 
4.0 
45 
25 
-0.2 
-4.0 
3.0 
15 


72 
3N213 
15 
0.001 
— 
0.05 
4.0 
45 
±6.0 
-0.2 
-5.5 
6.0 
40 


M 
MPF213 
15 
0.001 
— 
0.05 
4.0 
45 
±6.0 
-0.2 
-5.5 
6.0 
40 


72 
3N212 
17 
0.001 
— 
0.05 
4.0 
45 
±6.0 
-0.2 
-4.0 
6.0 
40 


M 
MPF212 
17 
0.001 
— 
0.05 
4.0 
45 
±6.0 
-0.2 
-4.0 
6.0 
40 
72 
3N203 
, 
7.0 
0.001 
4.3t 
0.03 
4.5 
200 
±6.0 
-0.2 
-5.0 
3.0 
11 


M 
MPF203 
7.0 
0.001 
4.3« 
0.03 
4.5 
200 
±6.0 
-0.2 
-5.0 
3.0 
11 


72 
3N201 
8.0 
0.001 
4.5t 
0.03 
4.5 
200 
±6.0 
-0.2 
-5.0 
6.0 
30 


M 
MPF201 
8.0 
0.001 
4.3t 
0.03 
4.5 
200 
±6.0 
-0.2 
-5.0 
6.0 
30 


72 
3N202 
8.0 
0.001 
4.3t 
0.03 
4.5 
200 
±6.0 
-0.2 
-5.0 
6.0 
30 


M 
MPF202 
8.0 
0.001 
4.3« 
0.03 
4.5 
200 
±6.0 
-0.2 
-5.0 
6.0 
30 


72 
MFE121 
10 
0.001 
6.0 
0.02 
5.0 
60 
±7.0 
— 
-4.0 
5.0 
30 


72 
MFE120 
8.0 
0.001 
7.0 
0.02 
5.0 
105 
±7.0 
— 
-4.0 
2.0 
18 
72 
MFE130 
8.0 
0.001 
7.0 
0.05 
5.0 
105 
±7.0 
-4.0 
3.0 
30 


72 
MFE122 
8.0 
0.001 
7.0 
0.02 
5.0 
200 
±7.0 
— 
-4.0 
2.0 
30 


72 
MFE131 
8.0 
0.001 
7.0 
0.05 
5.0 
200 
±7.0 
— 
-4.0 
3.0 
30 
72 
MFE132 
8.0 
0.001 
7.0 
0.05 
5.0 
200 
±7.0 
— 
-4.0 
3.0 
30 
72 
3N204 
10 
0.001 
— 
0.03 
5.0 
400 
25 
-0.2 
-4.0 
6.0 
30 


72 
3N205 
10 
0.001 
— 
0.03 
5.0 
400 
25 
-0.2 
-4.0 
6.0 
30 
72 
3N209 
10 
0.001 
7.0 
0.03 
6.0 
500 
±7.0 
-0.1 
-4.0 
5.0 
30 


M 
MPF521 
10 
0.001 
4.0 
0.03 
3.5 
200 
12 
— 
— 
— 
— 


t = typical 
M = Macro-X Package 
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FIELD-EFFECT TRANSISTORS (continued) 
Small-Signal TMOS 


TABLE 5. TMOS Power MOSFETs 
Power MOSFETs, Motorola trademark TMOS, are FET transistors with an oxide 
insulated gate which controlsvertical currentflow. 
This basicdescriptionfits a numberofstructures andprocesstitlesincluding Vertical 
DMOS, HEXMOS, TMOS, UMOS, Vertical MOS, and VMOS. 
There are subtle parametric tradeoffs with these different products but they all 
exhibit higher input impedance, faster switching, enhanced thermal stability, and 
easier paralleling than bipolartransistors. In addition, they have lower"on" resistance 
and higher power handling capability than conventional horizontal MOSFETs or 


JFETs. 


TMOS 


GO 


N-CHANNEL 


N-Channel 


Package 
TO- 
Device 


rds(on) 
VGS(fh) 
loss 
V(BR)DSS 
>gss 
C|S8 
crss 
ton 
toff 


<n) 
MAX 


@ 
id 
(A) 


(V 


MIN 


) 


MAX 
(nA) 
MAX 
(V) 
MIN 
(nA) 
MAX 
(PF) 
MAX 
(PF) 
MAX 
(ns) 
MAX 
(ns) 
MAX 


39 
MFE930 
1.4 
1.0 
1.0 
3.5 
10 
35 
50 
70 
18 
15 
15 


92 
MPF930 
1.4 
1.0 
1.0 
3.5 
10 
35 
50 
70 
18 
15 
15 


39 
MFE960 
1.7 
1.0 
1.0 
3.5 
10 
60 
50 
70 
18 
15 
15 


92 
MPF960 
1.7 
1.0 
1.0 
3.5 
10 
60 
50 
70 
18 
15 
15 


39 
MFE990 
2.0 
1.0 
1.0 
3.5 
10 
90 
50 
70 
18 
15 
15 


92 
MPF990 
2.0 
1.0 
1.0 
3.5 
10 
90 
50 
70 
18 
15 
15 


18 
MFE9200 
6.4 
.250 
1.0 
4.0 
10 
200 
50 
90 
3.5 
15 
15 


92 
MPF9200 
6.4 
.250 
1.0 
4.0 
10 
200 
50 
90 
3.5 
15 
15 


92 
BS107 
14 
0.20 
1.0 
2.6 
0.03 
200 
10 
90 
3.5 
15 
15 


92 
BS170 
5.0 
0.20 
0.8 
3.0 
0.5 
60 
10 
38t 
4.5' 
10 
10 


226AE 
MPF910 
5.0 
0.50 
0.8 
2.5 
10 
60 
10 
38* 
4.5t 
5.0« 
5.01 


92 
MPF6659 
1.8 
1.0 
0.8 
2.0 
500 
35 
100 
50 
10 
5.0 
5.0 


92 
MPF6660 
3.0 
1.0 
0.8 
2.0 
500 
60 
100 
50 
10 
5.0 
5.0 


92 
MPF6661 
4.0 
1.0 
0.8 
2.0 
500 
90 
100 
50 
10 
5.0 
5.0 


39 
2N6659 
1.8 
1.0 
0.8 
2.0 
10 
35 
100 
50 
10 
5.0 
5.0 


39 
2N6660 
3.0 
1.0 
0.8 
2.0 
10 
60 
100 
50 
10 
5.0 
5.0 


39 
2N6661 
4.0 
1.0 
0.8 
2.0 
10 
90 
100 
50 
10 
5.0 
5.0 


226AE 
MPF1010 
0.3 
2.5 
10 
100 
10 
351 
6t 
5.0* 
5.0* 


39 
MFE910 
5.0 
0.5 
0.3 
2.5 
10 
60 
10 
— 
— 
5.0t 
5.0* 


t = typical 


GaAs FETs 
TABLE 6. GaAs Dual Gate Field-Effect Transistors 
The GaAs Dual Gate FETs listed here arefor low noise and high gain receiver amplifier andmixer applications. 


Device Type 


toss 
Typ 
Noise Figure 
Gain 
Ind3 
MdB 


V(BR)DSX 
id 
mA 
PT 
mW 
Package 
loss 
(mA) 
Vds 
NF 
dB 


f 
MHz 
>D 
mA 
dB 
MIn 


f 
MHz 
dB 
dBm 


MRF966 
50 
5.0 
1.2* 
1000 
10 
15 
1000 
-65* 
10* 
10 
60 
350 
317-1 


MRF967 
50 
5.0 
1.2* 
1000 
10 
13 
1000 
-65* 
10* 
10 
60 
350 
358-1 


Typ 
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RF Small-Signal Transistors 


CASE 26-03 
ft 
(TO-46) 
CASE 79-03 


CASE 249-05 
S3 CASE 305-01 


CASE 305A-01 


Motorola's small-signal, low power RF transistor product range 
includestransistorswithgain-bandwidths of 1.0 GHzto 8.0 GHz 
operating at currents of 0.25 mA to over 140 mA. 
These devices are available in a wide variety of package 
types; metal can, plastic Macro-X and Macro-T. hermetic ce 
ramic and microminiature. Most of these transistors are fully 


Typical G«ln-Bandwldth Product versus Collector Current 


MOTOROLA SEMICONDUCTORS 


CASE 358-01 


CASE 714-02 


characterized with y or s parameters; and in addition,there are 
non-saturated switching characteristics, lowpower driverspec 
ifications, and noise figure limits. QPLtypes with JAN, JTX and 
JTXV processing levels are available as well as Hi Rel pro 
cessing to meet unique customer requirements. 


RF Small-Signal Transistors 


Motorola small-signal and medium power RF transistors with 
gain-bandwidth productsfrom 1.0 GHzto 8.0 GHzoperate with 
currents from 0.25 mA to over 140 mA. The following chart, 
combined with the tables of package options, enables the circuit 
designer lo select the optimum device from Motorola's wide 
range of transistor/package combinations. 


2N3B66, 2N3866A. MM8000 
2N5160. MM4018. PNP 
2N3948, 2N4427, MRF207 
2N5109, 2N5943. MM8001. MM8002 
2N5583. PNP 
2N5836, 2N5837 
MRF511. MRF517. MRF525 
2N2857, 2N3839. 2N5179, 
MRF501.MRF502 
2N6304, 2N6305. BFX89. BFY90 


10 
2N4957. 2N4958, 2N4959. PNP 
11 
MRF931 
12 
2N6603, BFR90, MRF901, MRF904 
13 
2N6604, BFR91.MRF911.MRF914 
14 
BFR96. MRF961.MRF962. MRF965 
15 
BFW92A 
16 
MRF559 
17 
MRF580, MRF681, MRF586. MRF587 
18 
MRF571. MRF572. MRF573 
19 
MRF536, MRF534. MM4049, PNP 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 1. UHF and Microwave Oscillators 
The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of limited 
range transmitters. Devices are listed in order of increasing output power. 


Device Type 


2N5179 


2N2857 


2N3839 


MM6009 


2N5108 


MRF905 


2N3666 


Test Conditions 


f 
MHz 


500 


500 


500 


1680 


1680 


1680 


400 


VCC 
Volts 


10 


6.0 


20 


20 


Pout 
mW 
Min 


20 


30 


30 


200 


300 


500* 


1000 


«T 
MHz 
Typ 


1800 


1600 


1800 


1400 


1400 


2200 


1000 


Package 


TO-72 


TO-72 


TO-72 


TO-39 


TO-39 


TO-46 


TO-39 


Typical 


TABLE 2. GaAs Dual Gate Field-EffectTransistors 
The GaAs Dual Gate N-Channel FETs listed here are for low noise and high gain receiver amplifier and mixer applications. 


V(BR1DSX 


Typical 


Id 
mA 


60 


60 


PT 
mW 


350 


350 


Package 


317-1 


358-1 


TABLE 3. Low-Noise Transistors 
The low-noise devices listed are produced with carefully controlled tf and fjto optimize device noise performance. Devices listed 
in the matrix areclassified according tonoise figure performance versus frequency. 


NF 
dB 


Frequency MHz 
Polarity 
60 
100 
200 
| 
450 
1000 
2000 


1.5 
2N5829 
2N5031 


2N5829 
2N5031 
MRF904 
MRF571 
MRF572 


PNP 
NPN 


2.0 
2N4957 
2N5032 


2N4957 
2N5032 


2N5829 
2N5031 
MRF904 
MRF901 


PNP 
NPN 


2.5 
2N4958 
2N5032 


2N4958 
2N5032 


2N4957 
2N5032 


2N5829 
2N5031 
MRF901 
2N6603 


MRF572 
MRF573 


PNP 
NPN 
NPN 


3.0 
2N4959 
2N2857 


2N4959 
2N2857 


2N4958 
2N5032 


2N4957 
2N5032 


2N5829 
MRF901 
2N6604 
2N6603 
PNP 
NPN 
NPN 


3.5 
2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N2857 


2N4958 
2N5032 


2N4957 
2N5031 
MRF901 
PNP 
NPN 


4.0 
2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N2857 
2N4958 
2N5031 
2N6604 
PNP 
NPN 


4.5 
2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N2857 
2N4959 
2N5032 


PNP 
NPN 


I 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 4. CATV, MATV, and Class A Linear Transistors 


The devices listed below are excellent forClass A linear CATV/MATV applications and are listed according to increasing gain- 
bandwidth (fj). More Information concerning the device for your specific linear design needs can be obtained through yourlocal 
Motorola Sales Office or Motorola distributor. 


Device 
Type 


Nominal Test 
Conditions 
VcElC 
Volte/mA 


«T 
MHz 
Min 


Noise Figure 
Distortion Specifications 


Package 
Max/Freq. 
dB/MHz 


2nd 
Order 
IMD 


3rd 
Order 
IMD 


12 Ch. 
Cross- 
Mod. 


Output 
Level 
dBmV 


MRF501 
6/5 
600 
4.57200 
TO-72 


MRF502 
6/5 
800 
4.0V200 
TO-72 


2N5179 
615 
900 
4.5/200 
TO-72 


BFY90 
5/2 
1000 
5.0/500 
TO-72 


2N6305 
5/10 
1200 
5.5/450 
TO-72 


BFX89 
5/25 
1200 
6.5/500 
TO-72 


2N5109 
15/50 
1200 
3.07200 
TO-39 
2N5943 
15/50 
1200 
3.4/200 
-50 
-42 
+50 
TO-39 
2N6304 
5/10 
1400 
4.5/450 
TO-72 


MRF511 
20/80 
1500 
7.37200 
-50 
-65 
-57 
+ 50 
244A-01 
2N5947 
20/75 
1500" 
3.8/200 
-55 
-60 
+ 50 
244A-01 
MRF517 
15/60 
2200 
7.5/300 
-60 
-72 
-57 
+45 
TO-39 
BFW92A 
5/2 
4500* 
3.07500 
317A-01 
MRF586 
14/70 
4500* 
3.0/500 
-50 
-72 
+50 
TO-39 
BFR90 
10/14 
5000* 
2.47500 
317A-01 
BFR91 
5/35 
5000* 
1.97500 
317A-01 
BFR96 
10/50 
5000* 
3.07500 
317A-01 
MRF961 
10/50 
5000* 
2.07500 
317-01 
MRF962 
10/50 
5000* 
2.07500 
303-01 
MRF965 
10/50 
5000* 
2.07500 
TO-46 
MRF581 
10/75 
5000* 
3.0/500 
-65 
+ 50 
317-01 
MRF587 
14/70 
5500* 
3.0/500 
-52 
-72 
+50 
244A-01 
Typ 


TABLE 5. High-Speed Switches 


The transistors listed belowarefor use ashigh-frequency current-mode switches. Theyarealso suitable for RF amplifierand oscillator 
applications. The devices are listedin ascending orderof collector current. 


Device Type 


Test 
Conditions 
ICVCE 
mA/VoIts 


T 
MHz 
Min 
ib'cc 
Max 
Package 
2N3959 
2N3960 
2N5835 
MM4049* 


10/10 
10/10 
10/6.0 
20/5.0 


1300 
1600 
2500 
4000 


25 
40 
5.0" 
15 


TO-18 
TO-18 
TO-72 
TO-72 
MRF914 
2N5842 
2N5841 
2N5943 


20/10 
25/4.0 
25/4.0 
50/15 


4500" 
1700 
2200 
1200 


40 
25 
5.5" 


TO-72 
TO-72 
TO-72 
TO-39 
2N5583* 
2N5836 
2N5837 


50/10 
50/6.0 
100/3.0 


1000 
2000 
1700 


8.0" 
6.0" 
6.0" 


TO-39 
TO-46 
TO-46 
•PNP 
"Typ 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


Class C Amplifiers 
The transistors listed in these tables are specified for operation in Class CRF power amplifier circuits. The tables are amnged by 
increasing frequency of operation first, then by increasing output power. The first table contains those devices specified at 12.5 Vdc, 
while thefollowing tablecontains devices specified at 28Vdc. 


TABLE 6. Low-Voltage Class C Amplifiers 


-\ 
Device 
I 
Type 
Frequency 
(MHz) 
Pin 
(w) 
Pout 
(w) 
*£ 
Voltage 
(V) 


Case 
Outline 


MRF6003 
27 
0.05 
0.5 
10.0 
12.5 
TO-39 


MRF8004 
27 
0.35 
3.5 
10.0 
12.5 
TO-39 


MRF402 
50 
0.1 
1.0 
10.0 
12.5 
TO-39 


MRF229 
90 
0.15 
1.5 
10.0 
12.5 
TO-39 


MRF230 
90 
0.15 
1.5 
10.0 
12.5 
TO-39 


MRF604 
175 
0.1 
1.0 
10.0 
12.5 
TO-46 


2N4427 
175 
0.1 
1.0 
10.0 
12.0 
TO-39 


MRF607 
175 
0.12 
1.75 
11.5 
12.5 
TO-39 


2N6255 
175 
0.5 
3.0 
7.8 
12.5 
TO-39 


MRF237* 
175 
0.25 
4.0 
12.0 
12.5 
TO-39 


MRF207 
220 
0.15 
1.0 
8.2 
12.5 
TO-39 


MRF225 
225 
0.18 
1.5 
9.0 
12.5 
TO-39 


MRF227* 
225 
0.13 
3.0 
13.5 
12.5 
TO-39 


2N3948 
400 
0.25 
1.0 
6.0 
13.6 
TO-39 


2N6256 
470 
0.1 
0.5 
7.0 
12.5 
249-5 


MRF515 
470 
0.12 
0.75 
8.0 
12.5 
TO-39 


MRF581 
470 
0.05 
1.2 
13.8 
12.5 
317-1 


MRF629* 
470 
0.32 
2.0 
8.0 
12.5 
TO-39 


MRF626 
470 
0.05 
0.5 
10.0 
12.5 
305-1 


MRF627 
470 
0.05 
0.5 
10.0 
| 
12.5 
305A-1 


MRF628 
470 
0.05 
0.5 
10.0 
12.5 
249-5 
I 


MRF630 
470 
0.25 
3.0 
10.8 
12.5 
TO-39 


MRF559 
870 
0.063 
0.5 
9.0 
12.5 
317-1 


MRF581 
870 
0.12 
1.0 
9.2 
12.5 
317-1 
| 


TABLE 7. High-Voltage Class C Amplifiers 


Device 
Type 


Frequency 
(MHz) 
Pin 
(w) 
Pout 
(w) 
ft 
Voltage 
(V) 


Case 
Outline 


2N3553 
175 
0.25 
2.5 
10.0 
28.0 
TO-39 


MRF525* 
400 
0.001 
0.02 
13.0 
26.0 
TO-39 


2N3866 
400 
0.1 
1.0 
10.0 
28.0 
TO-39 


2N5160t 
400 
0.16 
1.0 
8.0 
28.0 
TO-39 


MRF313 
400 
0.03 
1.0 
15.0 
28.0 
305A-1 


MRF313A 
400 
| 
0.03 
1.0 
15.0 
28.0 
305-1 


•Grounded Emitter TO-39 
tPNP 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


Small-Signal Amplifier Transistor Selection by Package 
In small-signal RF applications the package style is often determined by the end application, or circuit construction technique To 
aid the circuit designer in device selection, below are listed the Motorola broad range of RF small-signal amplifier transistors organized 
by package. Devices for other applications such asoscillators or switches are shown in the appropriate preceding tables. 


TABLE 8. TO-39 METAL CAN 


Device Type 


Gain -BW 
Noise Figure 
Gain 
Maximum Ratings 
«T 
GHz 
ic 
mA 
NF 
dB 


f 
MHz 
ic 
mA 
dB 
MIn 
f 
MHz 
v(BR)CEO 
ic 
mA 
PT 
mW 
MM8000 
0.7 
50 
2.7 
200 
10 
11.4* 
200 
30 
0.4 
3.50 
MM8001 
0.9 
50 
2.7 
200 
10 
11.4* 
200 
30 
0.4 
3.50 
2N5109 
1.2 
50 
3.0 
200 
10 
11 
216 
20 
400 
2.50 
2N5943 
1.2 
50 
3.4 
200 
30 
11.4* 
200 
30 
400 
3.50 
MRF525f 
2.5 
50 
4.0 
400 
— 
13 
400 
35" 
150 
2.50 
MRF517 
2.7 
60 
7.5 
300 
50 
10* 
300 
35" 
150 
2.50 
MRF586 
4.5 
70 
3.0 
500 
70 
14* 
500 
17 
200 
2.50 
Typ 


TABLE 9. Plastic — SOE — Case 317-01/317A-01 


*V(BR)CBO 


Device Type 


Gain — BW 
Noise Figure 
Gain 
Maximum Ratings 


fT 
GHz 
'C 
mA 
NF 
dB 
f 
MHz 
ic 
mA 
dB 
MIn 
f 
MHz 
v(BR)CEO V 
"C 
mA 
PT 
mW 
MRF931 
3.0 
1.0 
3.8 
500 
0.25 
16* 
500 
5.0 
5.0 
50 
MRF559 
3.0 
100 
— 
— 
— 
13.0* 
512 
18 
150 
2000 
BFW92A 
4.0 
25 
2.5 
500 
2.0 
16* 
500 
5.0 
50 
190 
MRF901 
4.5 
15 
2.0 
1000 
5.0 
10 
1000 
15 
30 
375 
BFR96 
4.5 
50 
2.0* 
500 
10 
12 
500 
15 
100 
500 
MRF961 
4.5 
50 
2.0* 
500 
10 
13.5 
500 
15 
100 
500 
MRF911 
5.0 
30 
2.5 
1000 
5.0 
12.5* 
1000 
12 
40 
400 
BFR90 
5.0 
14 
2.4 
• 
500 
2.0 
18* 
500 
15 
30 
180 
BFR91 
5.0 
30 
1.9 
500 
2.0 
16* 
500 
12 
35 
180 
MRF571 
8.0 
5.0 
1.0* 
500 
5.0 
13.5 
500 
10 
70 
2500 
MRF580 
5.0 
75 
2.0* 
500 
50.0 
11.0 
500 
18 
200 
2500 
MRF581 
5.0 
75 
2.0* 
500 
50.0 
13.0 
500 
18 
200 
2500 
MRF536" 
5.0 
20 
4.5* 
1000 
3.0 
8.5 
1000 
10 
30 
300 
Typ 
"PNP 


TABLE 10. Ceramic — SOE — Case 244A-01, 303-01, 358-01 


Device Type 


Gain — BW 
Noise Figure 
Gain 
Maximum Ratings 
tT 
GHz 
•c 
mA 
NF 
dB 


f 
MHz 
ic 
mA 
dB 
MIn 
f 
MHz 
v(BR)CEO V 
ic 
mA 
PT 
mW 
2N5947 
1.5 
75 
3.8 
200 
50 
10 
250 
30 
400 
5000 
MRF511 
2.1 
60 
7.3 
200 
50 
10 
250 
25 
250 
5000 
2N6603 
4.5 
15 
2.0 
1000 
5.0 
is- 
1000 
15 
30 
400 
MRF962 
4.5 
50 
2.0' 
500 
10 
is 
500 
15 
100 
750 
2N6604 
5.0 
30 
2.5 
1000 
5.0 
14 
1000 
12 
50 
500 
MRF587 
5.5 
70 
3.0 
500 
70 
15* 
500 
17 
200 
5800 
MRF572 
8.0 
50 
2.0 
1000 
5.0 
10 
1000 
10 
70 
2500 
MRF573 
8.0 
50 
2.0 
1000 
5.0 
10 
1000 
10 
70 
2500 
Typ 
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RF SMALL-SIGNAL TRANSISTORS (continued) 


TABLE 11. TO-72 METAL CAN 


• 
r 
Gain — BW 
Noise Figure 
Gain 
| 
Maximum Ratings 
-J 


| 
Device Type 
«T 
GHz 
ic 
mA 


NF 
dB 


I 
MHz 
ic 
mA 
dB 
MIn 


f 
MHz 
V(BR)CEO 
V 
ic 
mA 
mW 


2N5031 
2N5032 
2N4958* 
2N4959' 
2N5899* 


1.0 
1.0 
1.0 
1.0 
1.2 


5.0 
5.0 
2.0 
2.0 
2.0 


2.5 
3.0 
3.3 
3.8 
2.5 


450 
450 
450 
450 
450 


1.0 
1.0 
2.0 
2.0 
2.0 


14 
14 
16 
15 
17 


450 
450 
450 
450 
450 


10 
10 
30 
30 
30 


20 
20 
30 
30 
30 


200 
200 
200 
200 
200 


f*.5g 
to_ 


1.2 
1.2 
1.2 
1.2 
1.2 


2.0 
5.0 
5.0 
10 
25 


3.0 
4.0 
4.0 
5.5 
6.5 


450 
200 
200 
450 
500 


2.0 
1.5 
1.5 
2.0 
2.0 


17 
15" 
15" 
12 
19 


450 
200 
200 
450 
200 


30 
15 
15 
15 
15 


30 
50 
50 
50 
50 


200 
200 
200 
200 
200 


BFY90 
2N5179 
2N6304 
2N3839 
2N2857 


1.4 
1.4 
1.4 
1.6 
1.6 


25 
10 
10 
8.0 
8.0 


5.0 
4.5 
4.5 
3.9 
4.1 


500 
200 
450 
450 
450 


2.0 
1.5 
2.0 
1.5 
1.5 


21 
15 
15 
12.5 
12.5 


200 
200 
450 
450 
450 


15 
12 
15 
15 
15 


50 


SO 
50 
40 
40 


200 
200 
200 
200 
200 


MRF904 
MRF914 


4.0 
4.5 


15 
20 


1.5 
2.0 


450 
500 
5.0 
5.0 


16 
15 
450 
500 
15 
12 
30 
40 
200 
200 


*Tvd 


RF Amplifier Modules 
The devices listed below are general purpose RF hybrid amplrfiers. which feature input and output impedance matching and dc 
biasing networks for simplified RF amplifier design. 


TABLE 12. General-Purpose 50 ft —100 ft Wideband Modules 


Device Type 


Frequency 
Range 
MHz 


Gain 
dB 
MIn/Typ 


Supply 
Voltage 
Vdc 


Output Level 
1 dB Compression 
mW/f (MHz) 


Noise Figure 
@ 250 MHz 
dB 


MHW590 
10-400 
32.5^ 
24 
800/200 
5.0 


MHW591 
1.0-250 
35/36.5 
13.6 
700/100 
5.0 


MHW592 
1.0-250 
34.5/36 
24 
900/100 
5.0 


MHW593 
10-400 
34/35.5 
13.6 
600/200 
4.5 


TABLE 13. TO-39Wideband, 50 ft Modules 
Th« mw/a QfiriP* features excellent aain versus frequency flatness, temperature stability and are cascadable for high gain lineups. 
Col!S^ 
and hermetic TO-39 package. MWA devices processed for military 
applications are available tospecial order. 


Device Type 


MWA110 


MWA120 


MWA130 


MWA210 


MWA220 


MWA230 


MWA310 


MWA320 


MWA330 


Frequency 
Range 
MHz 


0.1-400 


0.1-400 


0.1-400 


0.1-600 


0.1-600 


0.1-600 


0.1-1000 


0.1-1000 


0.1-1000 
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Gain 
dB 
MIn/Typ 


13/14 


13/14 


13/14 


9/10 


9/10 


9/10 


7/8 


7/8 


-V6.2 


Supply 
Voltage 
Vdc 


2.9 


5.0 


5.5 


1.75 


3.2 


4.4 


1.60 


2.9 


4.0 


1-42 


Output Level 
1 dB Compression 
dBmTyp 


-2.5 


+ 8.2 


+ 18 


+ 1.5 


+ 10.5 


+ 18.5 


+ 3.5 


+ 11.5 


+ 15.2 


Noise Figure 
(400 MHz) 
dBTyp 


5.5 


7.0 


6.0 


6.5 


7.5 


6.5 


6.7 


9.0 
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High Reliability RF Transistors 


The listed devicesareactiveperQPL-19500 (Qualified Prod 
ucts List).Check with your local MotorolaSales Office or fran- 
chised Distributor forcurrentqualification status and additions. 


2N2857JAN 
2N2857JTX 
2N2857JTXV 


2N3553JAN 
2N3553JTX 
2N3553JTXV 


2N3866JAN 
2N3866JTX 
2N3866JTXV 


2N3866AJAN 
2N3866AJTX 
2N3866AJTXV 


2N3960JAN 
2N3860JTX 
2N3906JTXV 


2N4957JAN 
2N4957JTX 
2N4957JTXV 


2N5109JAN 
2N5109JTX 
2N5109JTXV 


2N6603JAN 
2N6603JTX 
2N6603JTXV 


2N6604JAN 
2N6604JTX 
2N6604JTXV 
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Transistor Complements 
Thetransistor complements listed are suitable for most ap 
plications requiring NPN and PNP devices of similarRF char 
acteristics. If yourapplication demands special matching ofcom 
plementary transistors, pleasecontactyourlocal Motorola Sales 
Office or Motorola distributors. 


NPN 


2N2857 


PNP 


2N4958 


2N3553 
MM4019 


2N3866 
2N5160 


2N3959, 2N3960 
2N4260, 2N4261 


2N3906JAN 
MM4261H 


2N5943 
2N5583 


MRF531 
MRF532 


MRF904 
MM4049 


MRF571 
MRF536 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 


Devices for Hi-Rel Applications 


Motorola oflers over 650 devices listed in QPL-19500, and iscertified to supply small-signal bipolar devices to ALL FOUR quality levels 
ofMIL-S-19500:JAN.JANTX.JANTXV, andJANS. 
._«,„.,-.,.,•. 
The following tables list the Motorola discrete devices and slash-sheet number as they appear on the Qualified Products List. 


Switching and High-Frequency Transistors 


MIL-S- 
2N703JAN 
/153 
2N706JAN 
/120 
2N708 JANJTX 
/312 
2N716A JAN.JTX.JTXV 
"81 
2N869A JANJTX 
/283 
2N914 JANJTX 
l2Ti 
2N916JAN 
/271 
2N918JANJTXJTXVJANS 
/301 
2N929 JAN.JTX 
/253 
2N930 JANJTX 
/253 
2N1132 JAN 
/177 
2N1613 JANJTX.JTXV 
'181 
2N2218 JAN.JTX.JTXV 
/251 
2N2218AJANJTXJTXV 
'25* 
2N2219 JANJTXJTXV 
«51 
2N2219A JANJTXJTXV 
/251 
2N22219AL JANS 
' 
2N2221 JANJTX.JTXV 
£55 
2N2221A JAN.JTX.JTXV 
'255 
2N2222 JANJTXJTXV 
'255 
2N2222A JANJTX.JTXVJANS 
/225 
2N2369A JAN.JTXJTXVJANS 
™7 
2N2481 JAN.JTX 
/268 
2N2904 JANJTX.JTXV 
I29° 
2N2905 JANJTXJTXV 
/29° 
2N2905A JANJTXJTXV 
'230 
2N2905AL JANS 
' 
2N2906 JAN.JTX.JTXV 
/»1 
2N2906A JANJTXJTXV 
^ 
2N2907 JANJTXJTXV 
'29' 
2N2907A JAN.JTXJTXV.JANS 
'291 
2N2944A JANJTXJTXV 
' 
2N2945A JAN.JTX.JTXV 
' 
2N2946A JANJTX.JTXV 
' 
2N3013 JANJTX 
/2B7 
2N3019.S JAN.JTX.JTXV 
'391 
2N32S0A JANJTXJTXV 
'323 
2N3251A JAN.JTX.JTXV 
/323 


RF Transistors 


19500 
2N3253JAN 
'347 
2N3444JAN 
I**1 
2N3467 JANJTXJTXV 
/348 
2N3468 JAN.JTX.JTXV 
/348 
2N3485AJANJTX 
/392 
2N3486AJANJTX 
'392 
2N3498JANJTXJTXV 
/366 
2N3499JANJTXJTXV 
'366 
2N3500 JAN,JTX,JTXV 
/366 
2N3501JAN.JTX.JTXV 
/366 
2N3506JANJTX.JTXV 
/349 
2N3507JAN.JTX.JTXV 
#49 
2N3634 JAN.JTX.JTXV 
r3ST 
2N3635 JAN.JTXJTXV 
/357 
2N3636JANJTXJTXV 
/357 
2N3637 JANJTXJTXV 
«57 
2N370O JAN.JTX.JTXV 
/391 
2N3735JAN.JTXJTXV 
#95 
2N3737 JAN.JTX.JTXV 
/395 
2N3743 JANJTXJTXV 
/397 
2N3762JANJTXJTXV 
/396 
2N3763JAN.JTX.JTXV 
#96 
2N3764 JAN.JTXJTXV 
#96 
2N3765 JANJTXJTXV 
^96 
2N4033 JAN.JTX.JTXV 
/S11 
2N4261 JANJTX 
«11 
2N4405 JAN.JTX 
/*88 
2N4449JANJTXJTXV 
#17 
2N4453JAN.JTX 
/283 
2N4930 JAN.JTX.JTXV 
/397 
2N4931JAN.JTX.JTXV 
/397 
2N5581 JAN.JTX 
«23 
2N5582JANJTX 
/*23 


MIL-S-19500 
2N3959JANJTXJTXV 
/399 
2N3960JAN.JTX.JTXV 
/399 
2N49S7JAN.JTX.JTXV 
/*26 
2N5109JANJTXJTXV 
/453 
2N6603JAN.JTXV 
/522 
2N6604 JANJTXV 
/522 


Field-Effect Transistors 


MIL-S-19500 
2N2608JAN 
/29S 
2N2609JAN 
Z286 
2N3330JAN.JTX 
/378 
2N3821 JAN.JTX.JTXV 
/37S 
2N3822JANJTXJTXV 
/375 
2N3823JANJTXJTXV 
/375 
2N48S6 JANJTXJTXV 
/385 
2N48S7 JANJTXJTXV 
/385 
2N4858JAN.JTX.JTXV 
/385 
2N4859 JAN.JTX.JTXV 
/38S 
2N4860 JANJTXJTXV 
/385 
2N4861 JAN.JTX.JTXV 
/385 
2N4091 JANJTXJTXV 
/«3" 
2N4092JANJTXJTXV 
'*31 
2N4093 JAN.JTX.JTXV 
/431 


2N918 JANJTXJTXVJANS 
/3°1 
2N2857 JANJTXJTXV 
/3*3 
2N3375 JAN.JTX.JTXV 
/341 
2N35S3 JANJTXJTXV 
M 
2N3866 JANJTXJTXV 
/39» 
2N3866A JANJTX.JTXV 
'398 


Multiple Devices 


MtL-S-19500 
2N2060 JANJTXJTXV 
Is™ 
2N2919 JANJTX.JTXV 
^ 
2N2920 JANJTXJTXV 
/355 
2N3810 JANJTXJTXV 
/336 
2N3811 JANJTXJTXV 
I33B 
2N4854 JANJTXJTXV 
'421 
2N5793 JANJTXJTXV 
/4j>5 
2NS794 JANJTX.JTXV 
'^ 
2N579S JANJTX.JTXV 
<*** 
2N5796 JANJTX.JTXV 
'436 
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SMALL-SIGNAL DEVICES 


Motorola's small-signal TO-92 plastic transistors encompass 
hundreds ofdevices spanning thegamut from general-purpose 
amplifiers andswitches with a widevariety of characteristics to 
dedicated special-purpose devices for themost demanding ap 
plications. The popular high-volume TO-92 package combines 
proven reliability, performance, economy and convenience to 
provide the perfect solution for industrial and consumer design 
problems. 
Asanadditional service toourcustomers Motorola will, upon 
request, supply the following: 
• Radial tape and reel 


• Axial tape and reel 
• TO-5 lead forming 
• TO-18 lead forming 
Contact your Motorola representative for ordering information. 
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Plastic-Encapsulated 
Small-Signal Transistors 


2N3903 
2N3904 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
40 
Vdc 


Collector-Base Voltge 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
'C 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
2.8 
mW 
mWVC 


•Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


•THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rftjc 
83.3 
•CArV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"C/W 


"Indicates Data in addition to JEDEC Requirements. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage!1) 
dp = 1.0mAdc, Ib " °> 
Collector-Base Breakdown Voltage 
|lc = 10/iAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE = 10fAdc. IC = 0) 


Base Cutoff Current 
(VCE ° 30Vdc, Veb = 3.0Vdc) 


Collector Cutoff Current 
(VCE = 30Vdc. Veb = 30 vdc> 


ON CHARACTERISTICS 


DC Current Gaind) 
<IC = 0.1mAdc, Vce = 10 Vdc) 


(IC = 1.0mAdc, Vce = 1-°vdc> 


dc = 10mAdc, Vce = 10 vdc* 


(IC = 50 mAdc, Vce = 10 Vdc) 


dC = 100mAdc, Vce = 1-°vdc> 


Collector-Emitter Saturation Voltaged) 
dC = 10mAdc, Ib = 1-0mAdc) 
(IC = SO mAdc, Ig = 5.0mAdc) 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1-0mAdc) 
dC = 50 mAdc.Ib = S.O mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10mAdc, Vce = 20Vdc, f = 100 MHz) 


MOTOROLA SEMICONDUCTORS 


2N3S03 
2N3804 


2N3S03 
2N3904 


2N3903 
2N3904 


2N3S03 
2N3904 


2N3903 
2N3S04 


2N3S03 
2N3904 


2-2 


Symbol 


V(BR)CEO 


V(BR)CB0 


V(BR)EBO 


•bl 


'CEX 


hFE 


VCE(sat) 


VBE(sat) 


Min 


60 


6.0 


20 
40 


35 
70 


50 
100 


30 
60 


15 
30 


0.65 


250 
300 


Max 


50 


50 


150 
300 


0.2 
0.3 


0.85 
0.95 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


SMALL-SIGNAL DEVICES 


2N3903, 2N3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta= 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output Capacitance 
(VCB ° 5.0 Vdc, l£ = 0, f = 1.0 MHz) 
cobo 
- 
4.0 
PF 


Input Capacitance 
(VBE = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
8.0 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3903 
2N3904 


hje 
1.0 
1.0 
8.0 
10 


k ohms 


Voltage Feedback Ratio 
dC =• 10 mAdc, Vce = 10 Vdc. f = 1.0 kHz) 
2N3903 
2N3304 


hre 
0.1 
0.5 
5.0 
8.0 


X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3903 
2N3904 


hfe 
50 
100 
200 
400 


— 


Output Admittance 
dC = 10 mAdc, Vce = 10 Vdc,f = 1.0 kHz) 
h0e 
1.0 
40 
/ifnhos 


Noise Figure 
dC = 100jtAdc, Vce = 50 Vdc,Rs = 1.0k ohms, 
2N3903 
f = 10 Hz to 15.7 kHz) 
2N3304 


NF 


- 
6.0 
5.0 


dB 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


(Vce = 3.0 Vdc,Vbe = 0.6 Vdc, 
IC = 10 mAdc, Ibi = 1.0 mAdc) 


(VCc = 3.0 Vdc, Ic = 10 mAdc, 
IBI = 'B2 = 1-0 mAdc) 


(1)Pulse Test: Pulse Width « 300 ps, DutyCycle* 2.0%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


+3.0 V; 
300ns-H 
DUTYCtCLE= 2% 
F+10.9V 


-0.5 V 
<1.0 ns-J L- 
_!C,<4.QpF* 


2N3903 
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FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
10<t|<500fxS-H 
t| 


DUTY CYCLE = 2% 
+ 10.9 V 


-9.1V— 
-H K < 1.0ns 


+3.0 V« 
•275 


v 1.9.1./^V** 


1N916. _ 
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'Total thunt capacitance of ton jig and connector* 


TYPICAL TRANSIENT CHARACTERISTICS 
Tj =25°C 
Tj =125°C 


FIGURE 4 - 
CHARGE DATA 
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FIGURE S - 
TURN-ON TIME 
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FIGURE 7 - STORAGE TIME 
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FIGURE 6-RISE TIME 
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FIGURE 8-FALL TIME 
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h PARAMETERS 
(VC£° 10 Vdc,f = 1.0 kHz,TA = 25°C) 


FIGURE 11 - 
CURRENT GAIN 
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FIGURE 12 - OUTPUT ADMITTANCE 
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TYPICAL STATIC CHARACTERISTICS 


FIGURE 15 - 
DC CURRENT GAIN 
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FIGURE 16- COLLECTOR SATURATION REGION 
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FIGURE 18 
TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
vCBO 
40 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW7°C 
Total Power Dissipation @ Ta = 60°C 
pd 
250 
mW 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mWVC 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


'THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfluc 
83.3 
"C/VV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°CMI 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC " 1-0 mAdc, Ib = 0) 
Collector-Base Breakdown Voltage 
|Iq° 10 ,uAdc, Ie = 0) 


Emitter-Base Breakdown Voltage. 
(IE = 10 fiAdc, lc = 0) 


Base Cutoff Current 
(VCE = 30 Vdc, VBE = 3.0 Vdc) 


Collector Cutoff Current 
(VCE " 30 Vdc, VBE = 3.0 Vdc) 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 1-0Vdc) 


dC = 10 mAdc. Vce = 10 Vdc) 


dC = 10 mAdc, VCe = 10 Vdc) 


dC = 50 mAdc, Vce = 10 Vdc) 


dC = 100 mAdc, Vce = 10 Vdc) 


Collector-EmitterSaturation Voltage 
«C = 10 mAdc, Ib = 1.0 mAdc) 
dC ° 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(>C ° SO mAdc, Ifl = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VCB ° 5.0 Vdc, Ig = 0, f 
100 kHz) 


SMALL-SIGNAL DEVICES 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 


2N3905 
2N3906 
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Symbol 


2N3905 
2N3906 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Min 
Max 
Unit 


v(BR)CEO 
40 
Vdc 


v(BR)CBO 


v(BR)EBO 


•BL 


'CEX 


hFE 


vCE(sat) 


vBE(sat) 


C0bo 


40 


5.0 


30 
60 


40 
80 


50 
100 


30 
60 


15 
30 


0.65 


200 
250 


50 


50 


150 
300 


0.25 
0.4 


0.85 
0.95 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


MOTOROLA SEMICONDUCTORS 


2N3905, 2N3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Input Capacitance 
(Vbe = 0.5Vdc,lc " 0, f = 100 kHz) 
Cjbo 
— 
10.0 
pF 


Input Impedance 
dc = 10 mAdc, Vce = 10Vdc, f = 1.0kHz) 
2N3905 
2N3906 


hie 
0.5 
2.0 
8.0 
12 


kohms 


Voltage Feedback Ratio 
dC = 1.0mAdc, Vce = 10Vdc, f - 1.0kHz) 
2N3905 
2N3906 


hre 
0.1 
0.1 
5.0 
10 


X10"4 


Small-Signal Current Gain 
(IC = 1.0mAdc, Vce = 10Vdc<f = 10 kHz) 
2N3305 
2N3906 


hfe 
50 
100 
200 
400 


Output Admittance 
dC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 
2N3905 
2N3906 


hoe 
1.0 
3.0 
40 
60 


/imhos 


Noise Figure 
dC= 100 nAdc, Vce = 5.0Vdc, Rg = 1.0kohm, 
f = 10 Hz to 15.7 kHz) 


2N3905 
2N3906 


NF 


- 
5.0 
4.0 


dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vce = 3.0 Vdc,Vbe = 0.5 Vdc 
IC = 10mAdc, lei = 1-0 mAdc) 
td 
— 
35 
ns 


Rise Time 
tr 
— 
35 
ns 


Storage Time 
(Vce = 3.0 Vdc, lc = 10 mAdc, 
'B1 = 'B2 = 1-° mAdc) 


2N3905 
2N3906 


2N3905 
2N3906 


ts 
— 
200 
225 


ns 


Fall Time 
tf 


- 


60 
75 


ns 


(1)Pulse Width s 300 /is, Duty Cycle « 2.0%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


-3.0 V? 


FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
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'Total shunt capacitance oftestjig and connectors 


TRANSIENT CHARACTERISTICS 
Tj = 25'C 
Tj = 125*C 


FIGURE 3 - CAPACITANCE 
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FIGURE 4 - CHARGE DATA 
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FIGURE S - TURN-ON TIME 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
VCg = 5.0 Vdc, TA = 25°C, 
RGURE 7 — 
Bandwidth =1.0Hz 
FIGURE 8 — 
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h PARAMETERS 
(VC£ = 10 Vdc.f = 1.0 kHz. TA = 25*C) 
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RGURE 10 — OUTPUT ADMITTANCE 
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lc. COLLECTOR CURRENT CmA) 


MOTOROLA SEMICONDUCTORS 


1 
2N4123 
2N4124 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4123 
2N4124 
Unit 


Collector-Emitter Voltage 
VceO 
30 
25 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mWVC 


Total Device Dissipation @ Tc = 25X 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
°c/w 


Thermal Resistance, Junction to Ambient 
Raja 
200 
°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(IC = 1.0 mAdc, Ie = 0) 


Collector-Base Breakdown Voltage 
dC = 10 /xAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(lE = 10pAdc, lc = 0) 


Collector Cutoff Current 
(VCB = 20 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VBE ° 3.0Vdc,lc = 0) 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 2.0mAdc. Vce = 1° Vdc) 


dC = 50 mAdc. Vce = 10 vdc> 


Collector-Emitter Saturation Voltaged) 
(lc = 50 mAdc, Ib = 5.0 mAdc) 


Base-Emitter Saturation Voltaged) 
dC = 50 mAdc,Ib = 5.0 mAdc) 


SMALL-SIGNALCHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10mAdc, Vce = 20Vdc, f = 100 MHz) 


Output Capacitance 
(VCB ° 5.0Vdc,Ie = 0. f = 100MHz) 


Input Capacitance 
(VBE = 0.5Vdc, lc = 0.f " 100kHz' 


Collector-Base Capacitance 
(lE = 0. Vcb = SOV.f " 100kHz) 
Small-Signal Current Gain 
(IC = 2.0 mAdc. VCE = 10Vdc. f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS 


2N4123 
2N4124 


2N4123 
2N4124 


2N4123 
2N4124 


2N4123 
2N4124 


2N4123 
2N4124 


2N4123 
2N4124 


2-12 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


•CBO 


lEBO 


hFE 


VCE(sat) 


VBE(sat) 


C0bo 


Cjbo 


Ccb 


30 
25 


40 
30 


5.0 


50 
120 


25 


250 
300 


50 
120 


50 


50 


150 
360 


0.3 


0.95 


4.0 


8.0 


200 
480 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


pF 


pF 


SMALL-SIGNAL DEVICES 


2N4123, 2N4124 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Current Gain — High Frequency 
dC = 10 mAdc. Vce = 20 Vdc, f = 100 MHz) 
2N4123 
2N4124 


«C = 2.0 mAdc, VCe = 10 V, f = 1.0 kHz) 
2N4123 
dC = 2.0 mAdc, Vce = 10 V. f = 1.0 kHz) 
2N4124 


Ihfel 
2.5 
3.0 


50 
120 
200 
480 
Noise Figure 
dC = 100 uAdc, Vce = 5.0 Vdc, Rs = 1.0 kohm, 
2N4123 
Noise Bandwidth = 10 Hz to 15.7 kHz) 
2N4124 


NF 


- 
6.0 
5.0 


dB 


(1)Pulse Test: Pulse Width = 300 us. Duty Cycle = 2.0%. 
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RGURE 10- COLLECTOR SATURITION REGION 
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lc. COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


2N4125 
2N4126 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTORS 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4125 
2N4126 
Unit 


Collector-Emitter Voltage 
VcEO 
30 
25 
Vdc 


Collector-Base Voltage 
VCBO 
30 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
625 
5.0 
mW 
mwrc 


Total Device Dissipation @ Tc = 25X 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
°c/w 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CMI 


ELECTRICAL CHARACTERISTICS (Ta ° 25"C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltaged) 
dc = 1.0 mAdc,Ie = 0) 


Collector-Base Breakdown Voltage dc = 10 /iAdc,Ie = 0) 


Emitter-Base BreakdownVoltage (Ie ° 10 t^Adc, lp = 0) 
CollectorCutoffCurrent (Vcb = 20 Vdc,Ie = 0) 
EmitterCutoffCurrent (Vbe " 30 vdc> 'C " °> 


ON CHARACTERISTICS 


DC Current Gain(l) 
dC = 2.0mAdc, Vce = 10 Vdc) 


dC = 50 mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltaged) 
dC = 50mAdc, Ib = 5.0mAdc) 


Base-Emitter Saturation Voltaged) 
(|c = 50 mAdc, Ib = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 10mAdc, Vce = 20Vdc, f = 100 MHz) 


Input Capacitance 
(Vbe = 0.5 vdc, ic = o. f 
1.0 MHz) 


Collector-Base Capacitance 
(Vcb = 5.ovdc, ie = o. f 
1.0 MHz) 


Small-Signal Current Gain 
(IC = 2.0mAdc, Vce = 10Vdc, f 
1.0 kHz) 


Current Gain — High Frequency 
(IC = 10mAdc, Vce = 20vdc>f = 10°MHz' 


Noise Figure 
dC = 100 /iAdc, Vce = 5.0 Vdc, Rg = 10 kohm. 
Noise Bandwidth = 10 Hzto 15.7 kHz) 


(1) PulseTest:PulseWidth «;300fisec. Duty Cycle = 2.0%. 
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2N4125 
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2N4125 
2N4126 


2N4125 
2N4126 


2N4125 
2N4126 


2N4125 
2N4126 


2N4125 
2N4126 


2-16 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


'EBO 


hFE 


VCE(sat) 


VBE(sat) 


CjDo 


Ccb 


hfe 


Ihfe 


NF 
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25 
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120 
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pF 


dB 


SMALL-SIGNAL DEVICES 
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NOISE FIGURE 
VCE=5.0 Vdc, TA = 25°C. 


FIGURE 3 - FREQUENCY VARIATIONS 
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FIGURE 7-. INPUT IMPEDANC! 
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FIGURE 9 - DC CURRENT GAIN 
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MOTOROLA SEMICONDUCTORS 


2N4264 
2N4265 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
2N4264 
2N4265 
Unit 


Collector-Emitter Voltage 
VcEO 
15 
12 
Vdc 


Collector-Base Voltage 
VcBO 
30 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mVvrC 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
83.3 
"OW 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°C/W 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unlessotherwise noted.) 
Unit 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 1.0mAdc, Ie = 0) 


Collector-Base Breakdown Voltage 
(1C = 10fiAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE ° 10,*Adc, lc = 0) 


Base Cutoff Current 
(Vce = 12Vdc, Veb(oH) = 0-25 vdc' 
(VCe = 12vdc'VEB(off) = 0-25 Vdc- TA " 100°c> 


Collector Cutoff Current 
(VCe = 12Vdc,VEB(off) " 0-25Vdc) 
ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0mAdc, Vce = 10 Vdc) 


dc = 10mAdc, Vce = 1-0 Vdc) 


dc = 10mAdc, Vce = 1.0 Vdc. Ta = -55°C) 


dc = 30 mAdc,Vce = 10 Vdc) 


dC = 100mAdc, Vce = 10Vdc)(1) 


(IC = 200mAdc, Vce = 1.0Vdc)(1) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0mAdc) 
dC = 100mAdc,Ib = 10 mAdcHP 


Base-Emitter Saturation Voltage 
dC = 10mAdc, Ib = 1-0mAdc) 
dC = 100mAdc, Ib = 10 mAdc)(1) 


MOTOROLA SEMICONDUCTORS 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2N4264 
2N4265 


2-20 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'BEV 


•CEX 


"FE 


VcE(sat) 


VBE(sat) 


Min 


20 


25 
30 


40 
100 


20 
45 


40 
90 


30 
55 


20 
35 


0.65 
0.75 


0.1 
10 


160 
400 


0.22 
0.35 


0.80 
0.95 


Vdc 


Vdc 


Vdc 


/iAdc 


nAdc 


Vdc 


Vdc 


SMALL-SIGNAL DEVICES 


2N4264, 2N4265 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 
\ 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc. Vce = 10 Vdc, f • 
100 MHz) 


Input Capacitance 
(Vbe ° o.s Vdc, ic 
0, f = 1.0 MHz) 


Collector-Base Capacitance 
(VCB " B.0 Vdc, lE = 0, f 
1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


Turn-On Time 


Turn-Off Time 


Storage Time 


Total Control Charge 


(VCc = 10Vdc, VEB(off) = 2-0 Vdc, 
IC = 100mAdc,Ibi = 10 mAdc) (Fig. 1, TestCondition C) 


Vce = 10 Vdc, (lc = 10 mAdc, for t8) 
dC = 100 mA for tf) 
<B1 " 'B2 = 10 mAdc) (Fig. 1, Test Condition C) 
(Vce = 3.0Vdc, VEB(0ff) = 1.5Vdc, 
IC ° 10 mAdc, Ibi 
=• 30 mAdc)(Fig.1, Test Condition A) 
(Vce = 3.0 Vdc, lc = 10 mAdc, 
IBI = 3.0 mAdc, Ib2 = 1.5 mAdc)(Fig.1, Test 
Condition A) 


(Vce = 10 Vdc, lc = 10 mA 
>B1 " *B2 = 10 mAdc) (Fig. 1, Test Condition A) 
(Vce = 3.0 Vdc, lc 
Condition B) 
10 mAdc, Ib = mAdc) (Fig. 1, Test 


(1)PulseTest: PulseWidth = 300 jis. DutyCycle = 2.0%. 
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FIGURE1 —SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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PULSE WIDTH (t,) = 300ns 
DUTY CYCLE - 2% 
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MHz 


8.0 
pF 


4.0 
PF 


8.0 


15 


20 


15 


25 


35 


20 


80 
PC 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-21 


2N4264, 2N4265 


CURRENT GAIN CHARACTERISTICS 


FIGURE 2 — MINIMUM CURRENT GAIN 
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FIGURE 3 — Qt TESTCIRCUIT 
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FIGURE 4 — TURN-OFF WAVEFORM 


NOTE 1 
If l| weresuddenly removed, the transistor would continue to con 
duct untilQi is removed from the active regions through an external 
path orthrough internal recombination. Since the internal recombina 
tiontime is longcompared to the ultimatecapability of a transistor, a 
charge. Qt.of opposite polarity, equal inmagnitude, canbestored on 
an externalcapacitor, C, to neutralizethe internalcharge and con 
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuitand Figure 4 the turn-offwaveform. Given Q, from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Qi/Av. where Av is defined in Figure 3. 


When a transistor is held in a conductive state by a base current, 
l„a charge, Q». is developed or"stored"inthe transistor. Q$ maybe 
written: Q, = Q, + Qv+ Q«. 
, _ 
„ _ 
Q, is the chargerequired to developthe required collector current. 
This charge is primarily a function of alpha cutoff frequency- Q» is 
the chargerequired to chargethe collector-base feedback capacity. 
Qx is excess charge resulting from overdrive, i.e., operation In 
saturation. 
The chargerequiredto turn a transistor "on" to the edge of sat 
uration is the sum of Q, and Q»which is defined as the active region 
charge,Q*.QA = Uit,when the transistoris drivenby a constant cur 


rent step (In) and l„ < < j—• 
»W 


MOTOROLA SEMICONDUCTORS 
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"ON" CONDITION CHARACTERISTICS 


FIGURE 5 — COLLECTORSATURATION REGION 
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FIGURE 7 — TEMPERATURE COEFFICIENTS 
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DYNAMIC CHARACTERISTICS 
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FIGURE 8 — DELAY TIME 
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FIGURE 10 — STORAGE TIME 
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FIGURE 12 — JUNCTION CAPACITANCE 


0.1 
0.2 
0.5 
1.0 
2.0 


REVERSE BIAS(Vdc) 


MOTOROLA SEMICONDUCTORS 


FIGURE 9 — RISE TIME 
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FIGURE 11 —FALL TIME 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Colfector-Base Voltage 
VCBO 
60 
Vdc 
Emitter-BaseVoltage 
Vebo 
6.0 
Vdc 
Collector Current — Continuous 
'C 
600 
mAdc 
Total Device Dissipation @Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 
Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/T 
Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 
R&ic 


RflJA 


83.3 


200 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
__ 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) 
(IC " 10 mAdc, Ib = 0) 
Collector-Base Breakdown Voltage 
dC " 0.1 mAdc, Ig = 0) 
Emitter-Base BreakdownVoltage 
dE ° 0.1 mAdc. lc = 0) 


Base Cutoff Current 
(Vce ° 35 Vdc,VEB ° 0-4Vdc) 


Collector Cutoff Current 
(VCe - 35 Vdc,Veb " 0.4 Vdc) 


ON CHARACTERISTICS!!) 


DC Current Gain 
dc = 0.1 mAdc, Vce = 1-0Vdc) 


dc = 1.0mAdc,Vce = 10 Vdc) 


dC = 10 mAdc, Vce = 1-0Vdc) 


dc = 150mAdc,Vce = 10 Vdc) 


(IC = 500mAdc, Vce = 2.0Vdc) 


Collector-Emitter Saturation Voltage 
dc = 150mAdc, Ib = 15 mAdc) 
»C - 500 mAdc, \q = 50 mAdc) 
Base-EmitterSaturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
dC =• 500 mAdc. Ifl = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc,VCe = 10 Vdc, f = 100MHz). 


Collector-Base Capacitance 
(VCB ° 5.0Vdc,lE = 0, f = 100kHz) 


SMALL-SIGNAL DEVICES 


2N4401 


2N4400 
2N4401 


2N4400 
2N4401 


2N4400 
2N4401 


2N4400 
2N4401 


2N4400 
2N4401 
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°C/W 


°C/W 


2N4400 
2N4401 


CASE 2902, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Symbol 
Min 
Max 


v(BR)CEO 


v(BR)CBO 


v(BR)EBO 


>BEV 


<CEX 


hFE 


vCE(sat) 


vBE(sat) 


40 


60 


6.0 


20 


20 
40 


40 
80 


50 
100 


20 
40 


0.75 


0.1 


150 
300 


0.4 
0.75 


0.S5 
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»"* 
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Vdc 


Vdc 


Vdc 


fiAdc 


ftAdc 


Vdc 


Vdc 
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250 


MHz 


ccb 
6.5 
PF 


MOTOROLA SEMICONDUCTORS 


2N4400, 2N4401 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unlessotherwise noted.) 


Characteristic 


Emitter-Base Capacitance 
(VBE = 0.5Vdc, lc = 0. T= 100kHz) 


Input Impedance 
(IC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(IC ° 1-0 mAdc, Vce = 10Vtk'f ° ^ 
kHz) 
Small-Signal Current Gain 
(IC = 1.0 mAdc, Vce = 10vdc'* = 1° kHz> 


Output Admittance 
(lc =• 1.0mAdc, Vce ° 10Vdc'f = 10 kHz) 
SWITCHING CHARACTERISTICS 


2N4400 
2N4401 


2N4400 
2N4401 


Delay Time 


Rise Time 
(Vce = 30 vdc, Veb = 20 Vdc' 
IC = 150mAdc, Ifl! = 15mAdc) 


Storage Time 


Fall Time 


(Vce = 30Vdc, lc = 150mAdc, 
'B1 = 'B2 = 15 mAdc) 


(1) Pulse Test:Pulse Width =s 300(is,Duty Cycle -s2.0%. 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS 
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FIGURE 1 — TURN-ON TIME 
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RGURE 2 — TURN-OFF TIME 
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Scope rise time < 4.0 ns 
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TRANSIENT CHARACTERISTICS 
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FIGURE 3 — CAPACITANCES 
FIGURE 4 — CHARGE DATA 
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RGURE 5 —TURN-ON TIME 
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RGURE 7 — STORAGE TIME 
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RGURE 6 — RISE AND FALL TIMES 
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RGURE 8 — FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 


NOISE RGURE 
Vce = 10 vdc, Ta = 25°c 
FIGURE9 — FREQUENCY EFFECTS 
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RGURE 10 — SOURCE RESISTANCE EFFECTS 


50 100 
200 
500 
1.0k 
2.0k 
5.0k 
10k 20k 
50k 100k 


RS. SOURCE RESISTANCE (OHMS) 


MOTOROLA SEMICONDUCTORS 
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h PARAMETERS 
Vce = 1° vdc-'=1° kHz- TA = 25°C 
This group ofgraphs illustrates the relation- 
selected from both the 2N4400 and 2N4401 
ship between hfe and other "h" parameters 
lines, and the same units were used to de 
fer this series oftransistors. To obtain these 
velop the correspondingly numbered curves 
curves, a high-gain anda low-gain unit were 
oneach graph. 
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RGURE 11 — CURRENT GAIN 
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RGURE 13 — VOLTAGE FEEDBACK RATIO 


2 W01 UNI 


M4401 UN 


T1 
f2 
" *^ 2 
^ 
**tS 2N4400UNIT1 
•>--*L 


N4400UNT2 


zx:: 
2.0 
3.0 
5.0 
7.0 
10 
0.2 
0.3 
0.5 
0.7 
1.0 


IC. COLLECTOR CURRENT (mA) 


STATIC CHARACTERISTICS 


RGURE 15 — DCCURRENTGAIN 
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RGURE 12 — UNPUT IMPEDANCE 
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FIGURE14 — OUTPUT ADMITTANCE 
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FIGURE 16 — COLLECTOR SATURATION REGION 
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RGURE 17 — "ON" VOLTAGES 
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RGURE 18 — TEMPERATURE COEFRCIENTS 
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CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
I 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
Vdc 


Collector-Base Voltage 
VcbO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
625 
5.0 
mW 
mVWC 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/T 


Operating and Storage Junction 
| 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rwc 
83.3 
°c/w 


Thermal Resistance, Junction to Ambient 
RftJA 
200 
'CJW J 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 
Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) (lc ~ 1-0 mAdc, Ib° 0) 
Collector-Base Breakdown Voltage dc = 0-1 mAdc, Ie ° 0) 
Emitter-Baae Breakdown Voltage 
(Ie = 01 mAdc, lc ° 0) 
Base Cutoff Current (Vce= 35Vdc, Vbe ° 0-4 vdc> 
Collector Cutoff Current (Vce •= 35Vdc, Vbe = 0-* Vdc> 
ONCHARACTERISTICS 


DC Current Gain 
dC= 0.1 mAdc, Vce = 10 Vdc) 


(IC = 1.0mAdc, Vce = 1° vdc> 


dC = 10mAdc, Vce = 1° vdc' 


(IC = 150 mAdc, Vce = 2.0Vdc)(1) 


dC ° 500mAdc, Vce " 2.0Vdc)(1) 
Collector-Emitter Saturation Voltaged) 
dC= 150 mAdc, Ib = 15mAdc) 
dC = 600 mAdc, Ib - 50mAdc) 
Base-Emitter Saturation Voltaged) 
dC= 150mAdc, Ib = 15mAdc) 
dC= 500 mAdc. Ib ° 50mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC= 20mAdc, Vce = 10Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcb ° 1° vdc» 'e = Q'f 
140 kHz) 


Emitter-Base Capacitance 
(Vbe = 0.5Vdc, lc ° 0.f ° 140 kHz) 


Input Impedance 
dC = 1.0 mAdc, Vce 
10 Vdc, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS 


2N4403 


2N4402 
2N4403 


2N4402 
2N4403 


2N4402 
2N4403 


Both 


2N4402 
2N4403 


2N4402 
2N4403 


2-30 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'BEV 


'CEX 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


Ceb 


40 


40 


5.0 


30 


30 
60 


50 
100 


50 
100 


20 


150 
200 


750 
1.5k 


0.1 


0.1 


150 
300 


0.4 
0.75 


0.95 
1.3 


8.5 


30 


7.5k 
15k 


Vdc 


Vdc 


Vdc 


jiAdc 


pAdc 


Vdc 


Vdc 


MHz 


pF 


pF 


ohms 


SMALL-SIGNAL DEVICES 


2N4402, 2N4403 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.] 


Characteristic 


Voltage Feedback Ratio 
dC = 10 mAdc. Vce ° 10 Vdc. f = 1.0 kHz) 


Symbol 
Min 


0.1 


Max 
Unit 


8.0 
X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc,Vce = 10 Vdc,f = 1.0 kHz) 
2N4402 
2N4403 


hfe 
30 
60 
250 
500 
Output Admittance 
(IC ° 1.0 mAdc,Vce = 10 Vdc,f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


(Vce = 30 Vdc,Vbe = 2.0 Vdc, 
IC = 150 mAdc, Ibi =15 mAdc) 


(Vce = 30 Vdc, Ie = 150 mAdc, 
>B1 = <B2 = 15 mAdc) 


(1) PulseTest: PulseWidth <z 300/is. DutyCycle<s 2.0%. 
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FIGURE 4-CHARGE DATA 
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FIGURE S—TURN-ON TIME 
RGURE6-RISE TIME 
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RGURE 7-STORAGE TIME 
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NOISE RGURE 
Vce= 10Vdc.TA=25oC 
FIGURE 8—FREQUENCY EFFECTS 
Bandwidth =1.0 Hz 
FIGURE 9—SOURCE RESISTANCE EFFECTS 
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b PARAMETERS 
Vct = 10 Vdc,I = l kHz,TA = 25'C 
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Thisgroupofgraphs illustratestherelationship be 
tween hi, and other "h" parameters for this series 
oftransistors. Toobtain thesecurves, a high-gain 
and a low-gain unit were selected from both the 
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RGURE 15 — COLLECTOR SATURATION REGION 
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RGURE 17 — TEMPERATURE COEFRCIENTS 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N4409 
2N4410 
Unit 
Collector-EmitterVoltage 
VCEO 
50 
80 
Vdc 
Collector-Base Voltage 
VCBO 
80 
120 
Vdc 
Emitter-Base Voltage 
vebo 
5.0 
Vdc 
Collector Current — Continuous 
•c 
250 
mAdc 
TotalDevice Dissipation @Ta = 25°C 
Derate above 25°C 
Pd 
625 
5.0 
mW 
mW/T 
TotalDevice Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Ts1g 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
Raic 
83.3 
°CAV 
Thermal Resistance, Junction to Ambient 
RflJA 
200 
•CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltage!1) 
dC = 1.0 mAdc, Ib = 0) 


Collector-EmitterBreakdown Voltage 
dC = 500nAdc,Vbe = 5.0Vdc,RflE = 8.2 kohms) 


Collector-BaseBreakdown Voltage 
dC = 10 pAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
«f=10/iAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 60 Vdc, Ie = 0) 
(Vcb = 60 vdc, i£ = o, ta = ioo°c) 
(Vcb = ioo vdc, ie = o> 
(VCB = 100Vdc, Ie °Q,Ta= 100'C) 


Emitter Cutoff Current 
(Vbe ° 4.o vdc, ic = o) 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 1.0mAdc, Vce = 1-0Vdc) 
dC° 10 mAdc, Vce = 10 Vdc) 


2N4409 
2N4410 


2N4409 
2N4410 


2N4409 
2N4410 


2N4409 
2N4409 
2N4410 
2N4410 


Collector-Emitter Saturation Voltage 
dc =1.0 mAdc,Ib = 0.1 mAdc) 
Base-Emitter Saturation Voltage 
dc = 1.0mAdc,Ib = 0.1 mAdc) 
Base-Emitter OnVoltage (lc = 1.0 mAdc, Vce " 5.0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc " 10 mAdc, Vce = 10 Vdc, f = 30 MHz) 


Collector-Base Capacitance 
(Vcb ° io vdc, Ie = o, f 
Emitter-Base Capacitance 
(Vbe ° Q-5 vdc, ie = o. f 


140 kHz,emitter guarded) 


140 kHz, collector guarded) 
(1)PulseTest: PulseWidth « 300 /is. DutyCycle« 2.0%. 
<2)fT = |hfel-ftest- 


SMALL-SIGNAL DEVICES 
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2N4409 
2N4410 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N5550 for graphs. 


Symbol 


v(BR)CEO 


V(BR)CEX 


V(BR)CBO 


V(BR)EBO 


<CBO 


'EBO 


hFE 


VCE(sat) 


vBE(sat) 
vBE(on) 


Ccb 


Ceb 


MIn 


SO 
80 


80 
120 


80 
120 


5.0 


60 
60 


60 


Max 


0.01 
1.0 
0.01 
1.0 


0.1 


400 


0.2 


0.8 


0.8 


300 


12 


50 


Unit 


Vdc 


Vdc 


Vdc 


Vdc 


juAdc 


fiAdc 


Vdc 


Vdc 


Vdc 


MHz 


pF 


PF 


MOTOROLA SEMICONDUCTORS 


2N5086 
2N5087 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA ° 25'C 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
'C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operatingand Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
125 
°C/W 


Thermal Resistance, Junction to Ambient 
RflJAlD 
357 
•CAV 


(D RflJA «s measured with the device soldered into atypical printed circuit board. 


unless otherwise noted.) 
Unit 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
dc = 100MAdc, Ie = 0) 


Collector Cutoff Current 
(VcB = 10Vdc, l£ = 0) 
(Vcb ° 35 vdc, Ie = Q) 


Emitter Cutoff Current 
(Vbe s 30vdc, ic = Q) 
ON CHARACTERISTICS 


DC Current Gain 
dC = 100jiAdc, Vce = 5.0Vdc) 


dC= 1.0mAdc,Vce = 5.0Vdc) 


(IC = 10mAdc,Vce = so Vdc)<2> 


Collector-Emitter Saturation Voltage 
(IC = 10mAdc,Ib = 1.0mAdc) 


Base-Emitter On Voltage 
(lc = 1.0 mAdc, Vce " 5.0Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc, Vce " 5.0Vdc, f = 20MHz) 


Collector-Base Capacitance 
(Vcb = 5.0Vdc,Ie = 0. f =• 100kHz) 
Small-Signal Current Gain 
(IC =• 1.0mAdc, VCe = 50 Vdc<f = 10 kHz) 


Noise Figure 
(IC = 20jiAdc, Vce = 5.0 Vdc, Rs = 10kohms, 
f = 10 Hz to 15.7 kHz) 


(IC = 100 jiAdc, Vce = 5.0 Vdc, Rs = 3.0 kohms, 
f = 1.0 kHz) 
(2) Pulse Test: Pulse Width =s 300 iia. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 


2N5086 
2N5087 


2N5086 
2N5087 


2N5086 
2N5087 


2N5C86 
2N5087 


2N5086 
2N5087 


2N5086 
2N5C87 
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V(BR)CEO 


V(BR)CBO 


>CBO 


lEBO 


hFE 


VCE(sat) 


VBE(on) 


Ccb 


hfe 


NF 


50 


50 


150 
250 


150 
250 


150 
250 


40 


150 
250 


10 
50 


50 


500 
800 


0.3 


0.85 


4.0 


600 
300 


3.0 
2.0 


3.0 
2.0 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


dB 
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RGURE1 


TYPICAL NOISE CHARACTERISTICS 
(VcE =5.0Vdc, TA =25°C) 


• NOISE VOLTAGE 
RGURE 2 — NOISE CURRENT 
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NOISE FIGURE CONTOURS 
(VcE =5.0 Vdc, TA =25°C) 
RGURE 3 — NARROW BAND, 100 Hz 
RGURE 4 — NARROW BAND, 1.0 KHz 
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RGURE S — WIDEBAND 
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Noise Figure is Defined as: 


NF = 20logio fen2* 4KTRS+ln2Rs2 
4KTRs 


ll 1/2 


en 


K 


T 
Rs 


Noise Voltage of the Transistor 
referredto the input. (Figure3) 
Noise Current of the transistor 
referred to the input (Figure 4) 
Boitzman's Constant (1.38 x 10"23 j/o«) 
Temperature of the Source Resistance (°K) 
Source Resistance (Ohms) 
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TYPICAL DYNAMIC CHARACTERISTICS 


RGURE 11 — TURN-ON TIME 
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_ RGURE13 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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RGURE 15 — INPUT IMPEDANCE 
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RGURE 12 — TURN-OFF TIME 
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RGURE 14 — CAPACITANCE 
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RGURE 16 — OUTPUT ADMITTANCE 
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RGURE 17 — THERMAL RESPONSE 
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RGURE 18 — ACTIVE-REGION SAFE OPERATING AREA 
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RGURE 19 — TYPICAL COLLECTOR LEAKAGE CURRENT 
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Tj. JUNCTION TEMPERATURE <°C) 


MOTOROLA SEMICONDUCTORS 


The safe operating area curves indicate IrVCE limits 
of the transistor that must be observed for reliable oper 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 
The data of Figure 20 isbased upon Tj(pk)= 150°C; 
Tq or T/^ is variable depending upon conditions. Pulse 
curves are valid for duty cyclesto 1Q% provided Tj(pk)< 
150°C. Tj(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi 
tations will 
reduce the power that can 
be handled to 
values less than the limitations imposed by second break 
down. (See AN-415A). 


DESIGN NOTE: USE OF THERMAL RESPONSE DATA 


A train of periodical power pulses can be represented by 
the model as shown in Figure 19 A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 
To find Z<jjA(t). multiply the value obtained from 
Figure 19 by the steady state value RfljA- 
Example: 
The 
MPS3905 is dissipating 2.0 watts peak under the 
following conditions: 
t1 = 1.0 ms. t2 = 5.0 ms (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 
AT =r(t) xP(pk) x R0JA =0.22x 2.0x 200=88°C. 
For more information, see AN-569. 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N5088 
2N5089 
Unit 
Collector-Emitter Voltage 
VcEO 
30 
25 
Vdc 
Collector-Base Voltage 
VCBO 
35 
30 
Vdc 
Emitter-Base Voltage 
VEBO 
4.5 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 
TotalDevice Dissipation @Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/"C 
Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
125 
"C/W 


Thermal Resistance, Junction to Ambient 
R&JA<1> 
357 
°C/W 


ELECTRICAL CHARACTERISTICS (Ta =• 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) 
(\q = 1.0 mAdc, Ib = 0) 2N5088 
2N5089 
Collector-Base Breakdown Voltage 
(trj = 100nAdc, Ie = 0) 


Collector Cutoff Current (Vcb = 20 Vdc,Ig = 0) 
(Vcb ° is vdc, iE = o) 
Emitter Cutoff Current (VgB(off) = 3.0Vdc, lc = 0) 
(VEB(off) ° 4.5 Vdc,lC = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 /aAdc,VCe = 5.0 Vdc) 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 


dC = 10 mAdc, VCe = 5.0 Vdc)(2) 


Collector-EmitterSaturation Voltage 
dc 
=• 10 mAdc, lB ° 1.0 mAdc) 


Base-Emitter On Voltage 
dC = 10 mAdc, Vce " 5.0 Vdc)(2) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 ^Adc, Vce = 5.0 Vdc, f 
20 MHz) 


Collector-Base Capacitance 
(VCB ° 5.0 Vdc, Ie ° 0, f = 100 kHz) 


Emitter-Base Capacitance 
(Vbe - Q-5 vdc, ic = o, f 
100 kHz) 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc,f = 1.0 kHz) 


Noise Figure 
(lC = 100/uAdc, Vce = 5.0Vdc, Rs = 10 kohms, 
f = 10 Hz to 15.7 kHz) 


2N5088 
2N5089 


2N5088 
2N5089 


2N5088 
2N5089 


2N5088 
2N5089 


2N5088 
2N5089 


2N5088 
2N5089 


2N5088 
2N5089 
(1) RflJA'smeasuredwith the device soldered into a typical printedcircuit board. 
(2)Pulse Test: Pulse Width «s300 us. Duty Cycle *s2.0%. 
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2N5088 
2N5089 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


Symbol 


v(BR)CEO 


v(BR)CBO 


'CBO 


•EBO 


"FE 


vCE(sat) 


vBE(on) 


CCb 


ceb 


hfe 


NF 


Min 


30 
25 


35 
30 


300 
400 


350 
450 


300 
400 


50 


350 


450 


Max 


50 
50 


50 
100 


SOO 
1200 


0.5 


0.8 


10 


1400 
1800 


3.0 


2.0 


Unit 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


pF 


dB 


MOTOROLA SEMICONDUCTORS 


E 


2N5208 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VcBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/"C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
125 
°C/W 


Thermal Resistance, Junction to Ambient 
R&jAin 
357 
"C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25^ unless otherwisenoted.) 
Symbol 
Min 
Max 
Unit 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1-0 mAdc, Ib ° 0) 


Collector-Base Breakdown Voltage 
dC° 0.1 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10MAdc, lc = 0) 


Collector Cutoff Current 
(VCB = 10 Vdc' 'E = °) 


Emitter Cutoff Current 
(Vbe = 2.Q vdc, ic = o) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 mAdc, Vce 
10 Vdc) 


Base-Emitter On Voltage 
(lC° 2.0 mAdc. Vce ° 10 v<fc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC ° 2.0mAdc, Vce ° ™Vdc, f = 100MHz) 


Input Capacitance 
(vBE = 20 vdc, ic = o. f 


Collector-Base Capacitance 
(VCB " 1° Vdc' IE ° 0- f 


1.0 MHz) 


1.0 MHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc,Vcb = 10Vdc.f 
31.8 MHz) 


Noise Figure 
(lC = 2.0mAdc, VcE = 10vdc> RS ° 75ohms, f 


FUNCTIONAL TEST 


Amplifier Power Gain 
(lC = 2.0 mAdc, VcE 
10 Vdc, f = 100 MHz) 


100 MHz, BW = 1.0 MHz) 


(1) RgjA ismeasured with thedevice soldered into atypical printed circuit board. 


MOTOROLA SEMICONDUCTORS 
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V(BR)CEO 
25 
Vdc 


V(BR)CBO 
30 
Vdc 


V(BR)EBO 
3.0 
Vdc 


"CBO 
10 
nAdc 


"EBO 
100 
nAdc 


hpE 
20 
120 


VBE(on) 
0.85 
Vdc 


300 
1200 
MHz 


Cjbo 
4.0 
pF 


Ccb 
1.0 
pF 


rb'Ce 


NF 
3.0 
dB 


jpe 
22 
dB 


SMALL-SIGNAL DEVICES 


2N5208 


FIGURE 1 -100 MHz POWERGAIN AND NOISE FIGURE TEST CIRCUIT 
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FIGURE 3 - OUTPUT ADMITTANCE 
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FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 6 • POWER GAIN AND NOISE FIGURE 
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FIGURE 7 • MAXIMUM TRANSDUCER GAIN 
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FIGURE 9 - OUTPUT ADMITTANCE 
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FIGURE 11 - REVERSE TRANSFER ADMITTANCE 
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STABILITY FACTOR CURVES 


FIGURE 12 • OPTIMUM SOURCE ADMITTANCE 
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FIGURE 13 • OPTIMUM LOAD ADMITTANCE 
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FIGURE 14- FREQUENCY EFFECTS 
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FIGURE 16 • CURRENT-GAIN -BANDWIDTH PRODUCT 
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FIGURE 15-SOURCE RESISTANCE EFFECTS 
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FIGURE 17 - CAPACITANCES 
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2N5208 


FIGURE 18 • DC CURRENT GAIN 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
VEBO 
4.5 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta. = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mVWC 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
125 
°C/W 


Thermal Resistance, Junction to Ambient 
RfiUAM) 
357 
°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N5209 
2N5210 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
50 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
50 
— 
Vdc 


Collector Cutoff Current 
(VCb = 35 Vdc, Ie = 0) 
•CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(vBe = 3.o vdc, ic = o) 
>EBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
HC = 100 uAdc, Vce = 5.0 Vdc) 
2N5209 
2N5210 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 
2N5209 
2N5210 


dC = 10 mAdc, Vce = 5.0 Vdc)(2) 
2N5209 
2N5210 


hFE 
100 
200 


150 
250 


150 
250 


300 
600 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
0.7 
Vdc 


Base-Emitter On Voltage 
dC = 1.0 mAdc, VCe = 5.0 Vdc) 
vBE(on) 
— 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 uAdc, Vce = 5.0 Vdc, f = 20 MHz) 
fT 
30 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, lE = 0, f = 100 kHz) 
Ccb 
— 
4.0 
pF 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
2N5209 
2N5210 


hfe 
150 
250 
600 
900 


— 


Noise Figure 
(lC = 20 uAdc, Vce = 5.0 Vdc,Rs = 22 k ohms, 
2N5209 
f = 10 Hz to 15.7 kHz) 
2N5210 


(lC = 20 /uAdc, Vce = 5.0 Vdc, Rs = 10 k ohms, 
2N5209 
f = 1.0 kHz) 
2N5210 


NF 


- 
3.0 
2.0 


4.0 
3.0 


dB 


(1)RflJA is measured with the device soldered into a typical printed circuitboard. 
(2) Pulse Test: Pulse Width = 300 us. Duty Cycle = 2.0%. 
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2N5222 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
vebo 
2.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
i 


Thermal Resistance, Junction to Case 
RflJC 
125 
•c/w 
I 


Thermal Resistance, Junction to Ambient 
RfljAd) 
357 
°DW 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0mAdc, Ib = °> 
Collector-Base Breakdown Voltage 
(IC = 100uAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE ° 100 uAdc. lc = 0) 


Collector Cutoff Current 
(VCB " 10 Vdc, lE ° 0) 


Emitter Cutoff Current 
(vBe ° 2.Q vdc ic = Q) 


ON CHARACTERISTICS 


DC Current Gain(2) 
(lC = 4.0 mAdc,Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dC ° 4.0 mAdc, Ib = 400 uAdc) 


Base-Emitter On Voltage 
dC = 4.0 mAdc,Ib = 400 oAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VcE ° 10 Vd<=. f 
20 MHz) 


Collector-Base Capacitance 
(VCB " 10 Vdc< 'E = 0. < 
1.0 MHz) 


Small-Signal Current Gain 
(lC = 4.0 mAdc, Vce = 10VdCf 
1.0 kHz) 
(1) RgjA ismeasured with thedevice soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width - 300 us. Duty Cycle - 2.0%. 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


•EBO 


hFE 


VCE(sat) 


VBE(on) 


Ccb 


hfe 


Min 
Max 
Unit 


15 
Vdc 


20 
Vdc 


2.0 
Vdc 


100 
nAdc 


100 
nAdc 


150 


Vdc 


Vdc 


450 
MHz 


1.3 
PF 


20 
300 


SMALL-SIGNAL DEVICES 


2N5222 


COMMON-BASE y PARAMETERSversus FREQUENCY 
(Vcb = 10Vdc, lc =4.0 mAdc, Ta = 25°C) 


yib. INPUT ADMITTANCE 
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COMMON-BASE y PARAMETERS versus FREQUENCY 
(Vcb = 10 Vdc, lc =4.0 mAdc,Ta = 25°C) 


y,b. REVERSE TRANSFER ADMITTANCE 


FIGURE 5 - RECTANGULAR FORM 
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FIGURE 6 - POLAR FORM 
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Yob. OUTPUT ADMITTANCE 


FIGURE 7 - RECTANGULAR FORM 
FIGURE 8 - 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
20 
Vdc 
Collector-Base Voltage 
vcbo 
25 
Vdc 
Emitter-Base Voltage 
Vebo 
3.0 
Vdc 
Collector Current — Continuous 
"C 
100 
mAdc 
Total Device Dissipation@Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 
TotalDeviceDissipation@ Tc = 25°C 
Derate above 25°C 
Pd 
1.5 
12.0 
Watt 
mW/X 
Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
RftJC 
125 
°C/W 
Thermal Resistance, Junction to Ambient 
R&JA0) 
357 
•c/w 
(1) Raja 's measured withthe device soldered intoa typical printed circuit board 


ELECTRICAL CHARACTERISTICS (TA ° 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltage 
(lC = 1-0 mAdc,Ib =• 0) 
Collector-BaseBreakdown Voltage 
dC ° 100 uAdc, Ie = 0) 
Emitter-8ase Breakdown Voltage 
(IE ° 100MAdc, |c = Q) 


Collector Cutoff Current 
(VCB " 10 Vdc. Ie ° 0) 


Emitter Cutoff Current 
(Vbe ° 3.o Vdc, ic = o) 


ON CHARACTERISTICS 


DC Current Gain 
dC ° 2.0 mAdc, Vce " 10 Vdc) 
Collector-Emitter Saturation Voltage 
He 10 mAdc, Ib = 1.0 mAdc) 
Base-EmitterSaturation Voltage 
(lc = 10 mAdc,Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce - 10 Vdc, f = 20 MHz) 
Collector-Base Capacitance 
IVCB = 10Vdc.Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
dC =• 2.0 mAdc, Vce " 10 Vdc, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES 
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2N5223 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N3903 for graphs. 


Symbol 
Min 
Max 
Unit 


v(BR)CEO 
20 
Vdc 


v(BR)CBO 
25 
Vdc 


v(BR)EBO 
3.0 
Vdc 


>CBO 
100 
nAdc 


>EBO 
500 
nAdc 


hFE 
50 
800 


vCE(sat) 
0.7 
Vdc 


vBE(sat) 
1.2 
Vdc 


150 
MHz 


Ccb 
4.0 
PF 


hfe 
50 
1600 


MOTOROLA SEMICONDUCTORS 


I 
2N5224 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
PD 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&ic 
125 
"CAN 


Thermal Resistance, Junction to Ambient 
RfljAd) 
357 
"OW 


(1) RgjA ismeasured with thedevice soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottage(2) 
(lC = 10mAdc. Ib ° 0) 


Collector-Base Breakdown Voltage 
(IC •=• 100 MAdc. Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE = 100MAdc, lc ° 0) 


Collector Cutoff Current 
(Vcb ° is vdc, Ie ° Q) 


Emitter Cutoff Current 
(Vbe = 4.0 vdc, ic ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10mAdc, Vce = 1° Vdc) 
(IC ° 100mAdc, Vce ° 1° VdO(2) 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc,Ib ° 3.0 mAdc) 


Base-Emitter Saturation Voltage 
dc ° 10 mAdc, Ib = 3.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10mAdc. Vce ° 1°Vdcf ° 100 MHz> 


Collector-Base Capacitance 
(VCB " 60 Vdc 'E ° 0.f = 1° MHz> 
SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


(Vce = 3.0Vdc. VBE(off) = 1-6 Vdc 
lC = 10 mAdc, Ibi = 3-0mAdc) 


(Vce = 3.0 Vdc, 
lC = 10mA Ibi = 'B2= 3-0 mAdc) 


(2)PulseTest: PulseWidth « 300/is. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


•CBO 


lEBO 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


2-52 


12 


25 


5.0 


40 
15 


250 


500 


100 


400 


0.35 


0.9 


4.0 


25 


20 


35 


25 


Vdc 


Vdc 


Vdc 


nAdc 


MAdc 


Vdc 


"vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


2N5224 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


lassv— • 
. 
lo.; v—i 
. 
,?J—t 
/—\- 
-9.1 v—* 
I— 


TURN ON INPUT PULSE 
TURN-OFF INPUT PULSE 


GENERATOR SOURCE IMPEDANCE • 50 ohmt 


INPUT PULSE: 
RISE TIME < 2.0 m 
FALL TIME < 2.0 nt 
NOMINAL PULSEWIOTH • 300 nt 
NOMINAL DUTY CYCLE • Zto 


Fortrjtnd tr, diodt isdtttonntctid. 


OSCILLOSCOPE: 
RISE TIME « 0.4 nt 
INPUT RESISTANCE > SO ohmj 
INPUT CAPACITANCE <4.0 pF 


vCc • J-0v < 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-53 


2N5225 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPUFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25'C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tq = 25°C 
Derate above 25*C 
pd 
1.5 
12.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RftJC 
125 
°OW 


Thermal Resistance, Junction to Ambient 
RflJAlD 
357 
•C/W 


(1) RgjA ismeasured withthedevice soldered into atypical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 26'Cunless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC ° 10mAdc,Ib = 0) 


Collector-Base Breakdown Voltage 
(IC =• 100MAdc, Ie - 0) 


Emitter-Base Breakdown Voltage 
(IE ° 100 MAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = is Vdc, Ie = o> 


Emitter Cutoff Current 
(VBe " *-0 Vdc. lc = 0) 


ON CHARACTERISTICS^ 


DC Current Gain 
dC = 10 mAdc, Vce 
(lC ° 50 mAdc, Vc£ 


10 Vdc) 
10 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib " 10 mAdc) 


Base-Emitter Saturation Voltage 
(lC " 100mAdc, Ib ° 10mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC ° 20mAdc,Vce " 10Vdc. f = 20 MHz) 


Collector-Base Capacitance 
(Vcb ° 5.0Vdc, Ie°o,( 
1.0 MHz) 


Small-Signal Current Gain 
dC " 50 mAdc,VcE " 10Vdc. f ° 10 kHz) 
(2)PulseTest: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 


2-54 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


>EBO 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


hfe 


25 


25 


25 
30 


50 


30 


300 


500 


600 


0.8 


20 


1800 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
25 
Vdc 
Collector-Base Voltage 
VCBO 
25 
Vdc 
Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
TotalDeviceDissipation @ Ta - 25'C 
Derate above 25'C 
PD 
625 
5.0 
mW 
mW/°C 
Total DeviceDissipation @ Tq = 25°C 
Derate above 25'C 
pd 
1.5 
12.0 
Watt 
mW/»C 
Operating and Storage Junction 
Temperature Range 
TJ< Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RftJC 
125 
°C/W 


Thermal Resistance, Junction to Ambient 
RflJAd) 
357 
•c/w 
(1)RflJA is measured withthe devicesolderedintoa typical printedcircuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 2S'Cunless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N5226 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown VoItage(2) 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
25 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc,Ie = 0) 
v(BR)CBO 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 15 Vdc. lc ° 0) 
>CBO 
— 
300 
nAdc 


Emitter Cutoff Current 
(vBe = 4.o vdc, ic = o) 
'EBO 
— 
500 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 mAdc. Vce = 10 Vdc) 
dC = 50 mAdc, Vce = 10 Vdc) 


hFE 
25 
30 
600 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
VCE(sat) 
— 
0.8 
Vdc 


Base-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
vBE(sat) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 10 Vdc, f = 20 MHz) 
fT 
50 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
20 
PF 


Small-Signal Current Gain 
(lC = 50 mAdc, VC£ = 10 Vdc, f = 1.0 kHz) 
hfe 
30 
1800 
— 


(2) Pulse Test: Pulse Width <s300 us, Duty Cycle s 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-55 


2N5227 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2N3905 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
'C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
1.5 
12.0 
Watt 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
°C/W 


Thermal Resistance, Junction to Ambient 
ReJAd) 
200 
°C/W 


(1) RgjA is measured withthe devicesolderedintoa typical printedcircuit board. 


ELECTRICAL CHARACTERISTICS (TA° 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
dC = 100MAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 


Collector Cutoff Current 
(Vcb ° io vdc. ie ° 
o> 


Emitter Cutoff Current 
(Vbe = 2.Qvdc, ic = o) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100MAdc, Vce = 10 Vdc) 
dC = 2.0 mAdc,Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc,Ib = 10 mAdc) 


Base-Emitter Saturation Voltage 
dC = 10 mAdc.Ib = 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC ° 10 mAdc. Vce = 10 Vdc. f = 20 MHz) 


Collector-Base Capacitance 
(VCB ° 1° Vdc. IE ° o.f 
1.0 MHz) 


Small-Signal Current Gain 
dC ° 2.0 mAdc. Vce = 10Vdc.f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EB0 


<CBO 


<EBO 


hFE 


VcE(sat) 


VBE(sat) 


Ccb 


2-56 


Min 


30 


30 


3.0 


30 
50 


100 


50 


Max 
Unit 


Vdc 


Vdc 


Vdc 


100 
nAdc 


500 
nAdc 


700 


0.4 
Vdc 


1.0 
Vdc 


MHz 


5.0 
pF 


1500 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-EmitterVoltage 
VCEO 
5.0 
Vdc 
Collector-Emitter Voltage 
VCES 
6.0 
Vdc 
Collector-BaseVoltage 
VCBO 
5.0 
Vdc 
Emitter-Base Voltage 
VEBO 
3.0 
Vdc 
Collector Current — Continuous 
ic 
50 
mAdc 
Total Device Dissipation @Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mwrc 
Total Device Dissipation @Tc = 25'C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mwrc 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
Rajc 
125 
°c/w 
Thermal Resistance, Junction to Ambient 
RflJAd) 
357 
•c/w 
(1) RflJA is measured with thedevice soldered into a typical printed circuit board 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) dc = 10mAdc, Ib = 0) 
Collector-Emitter Breakdown Voltage (lc = 100 MAdc, Vbe = 0) 
Collector-Base Breakdown Voltage dc = 100 MAdc, Ie = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc, lc = 0) 
Collector Cutoff Current (Vce " 4.0Vdc, Vbe = 0) 
Emitter Cutoff Current 
(Vbe ° 2.5Vdc, lc = 0) 


ON CHARACTERISTICS 


DC CurrentGain (lc = 10 mAdc, Vce = 0.3 Vdc) 
dC = 50 mAdc, VC£ = 1.0 Vdc)(2) 


Collector-Emitter Saturation Voltage dc = 10mAdc, Ib = 3.0mAdc) 
Base-Emitter Saturation Voltage dc = 10mAdc. Ib = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain —Bandwidth Product dc = 10mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
I Collector-Base Capacitance (Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


(VCc = 3.0Vdc, VBE(0ff) = 1.5Vdc 
lC = 10 mAdc, Ibi = 3.0 mAdc) 


(Vce = 3.0 Vdc, lc = 10 mA, 
IBI = 'B2 = 3.0 mAdc) 


(2) Pulse Test:PulseWidth « 300ms. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 


2-57 


2N5228 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Refer to MPS3640 for graphs. 


Symbol 


v(BR)CEO 


V(BR)CES 


V(BR)CBO 


v(BR)EBO 


'CES 


'EBO 


hFE 


vCE(sat) 


vBE(satl 


Ccb 


Min 


5.0 


6.0 


5.0 


3.0 


30 
15 


0.65 


300 


Max 
Unit 


Vdc 


Vdc 


Vdc 


Vdc 


100 
nAdc 


100 
MAdc 


0.4 
Vdc 


1.25 
Vdc 


MHz 


5.0 
PF 


25 


50 


90 


MOTOROLA SEMICONDUCTORS 


2N5228 


VCc • 30 V < 
FIGURE 1 -SWITCHING TIME TEST CIRCUIT 


3.3 k 
IN^ 
WV- 


TURN ON INPUT PULSE 
TURN OFF INPUT PULSE 
GENERATORSOURCE IMPEOANCE • 50 ohmi 


INPUT PULSE: 
OSCILLOSCOPE 
RISE TIME < 2.0itt 
RISE TIME < 0.4nj 
FALL TIME S 2.0ru 
INPUT RESISTANCE > SO otimt 
NOMINAL PULSEWIDTH • 300ru 
INPUT CAPACITANCE «;4.0pF 
NOMINAL DUTY CYCL6 • 2.0% 


MOTOROLA SEM.CONDUCTORS 
SMALL-SIGNAL DEVICES 


2-58 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5400 
2N5401 
Unit 
Collector-EmitterVoltage 
VCEO 
120 
150 
Vdc 
Collector-BaseVoltage 
VCBO 
130 
160 
Vdc 
Emitter-BaseVoltage 
vEBO 
5.0 
Vdc 
Collector Current — Continuous 
ic 
600 
mAdc 
Total Device Dissipation @TA = 25°C 
Derate above 25'C 
PD 
625 
5.0 
mW 
mW/°C 
Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/°C 
Operatingand Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
R&JC 
83.3 
'C/W 
Thermal Resistance, Junction to Ambient 
R6UA 
200 
•CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) 
(lc = 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(»C = 100MAdc, Ie = 0) 


Emitter-Base BreakdownVoltage 
(IE - 10MAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 100Vdc,l£ = 0) 
(Vcb = 120vdc, i£ = o) 
(Vcb = 100Vdc, l£ = 0, Ta = 10CC) 
(Vcb g 120 vdc. Ie °o,ta° ioo°ci 


Emitter Cutoff Current 
(Veb = 3.o vdc, ic = o) 


ON CHARACTERlSTlCSd) 


DC Current Gain 
(lC = 1.0mAdc, Vce = 5.0 Vdc) 


(lC = 10 mAdc, Vce = 5-0Vdc) 


dC = 50 mAdc.Vce = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc,Ib = 1.0 mAdc) 
dC " 50 mAdc. Ib = 5.0 mAdc) 


2N5400 
2N5401 


2N5400 
2N5401 


2N5400 
2N5401 
2N5400 
2N5401 


2N5400 
2N5401 


2N5400 
2N5401 


2N5400 
2N5401 


2N5400 
2N5401 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPURER TRANSISTOR 


PNP SILICON 


Symbol 


v(BR)CEO 


v(BR)CBO 


v(BR)EBO 


>CBO 


<EBO 


hF£ 


VCE(sat) 


Min 


120 
150 


130 
160 


5.0 


30 
50 


40 
60 


40 
50 


Max 


100 
50 
100 
50 


50 


180 
240 


0.20 
0.5 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


MAdc 


nAdc 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc,Ib = 1.0 mAdc) 
dc ° 50 mAdc, Ib ° S.O mAdc) 
vBE(sat) 
1.0 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 10 Vdc,f = 100Mhz) 


Output Capacitance 
(VCB = 10Vdc,Ie " 0. f = 1.0 MHz) 


SMALL-SIGNAL DEVICES 


2N5400 
2N5401 


2-59 


C0bo 


100 
100 
400 
300 


6.0 


MHz 


pF 


MOTOROLA SEMICONDUCTORS 


2N5400, 2N5401 


ELECTRICAL CHARACTERISTICS (continued) (TA = 2S°C unless otherwise noted.) 
Min 
Characteristic 
Symbol 


Small-Signal Current Gain 
(IC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
2N5400 
2N5401 


hfe 
30 
40 


Noise Figure 
dC = 250MAdc, Vce = 5.0Vdc, 
RS = 1.0 kohm, f = 10Hz to 15.7 kHz) 


NF 


(1) Pulse Test:Pulse Width = 300ms. Duty Cycle = 2.0%. 


FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR CUTOFF REGION 
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Max 


200 
200 


8.0 


Unit 


100 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-60 


2N5400, 2N5401 
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FIGURE 4 - "ON" VOLTAGES 
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FIGURE 6 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 8 - TURN-ON TIME 
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SMALL-SIGNAL DEVICES 
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FIGURE 5 - TEMPERATURE COEFFICIENTS 
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FIGURE 7 - CAPACITANCES 
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FIGURE 9 - TURN-OFF TIME 
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MOTOROLA SEMICONDUCTORS 


2N5550 
2N5551 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5550 
2NSSS1 
Unit 


Collector-Emitter Voltage 
VCEO 
140 
160 
Vdc 


Collector-Base Voltage 
VCBO 
160 
180 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25*C 
PD 
350 
2.8 
mW 
mW/X 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance. Junction to Case 
R&jc 
125 
•c/w 


Thermal Resistance, Junction to Ambient 
RflJAd) 
357 
•aw 


(1) RgjA ismeasured with thedevice soldered into atypical printed circuit board 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown VoItage(2) 
(IC = 1.0mAdc,Ib = 0) 


Collector-Base Breakdown Voltage 
(IC = 100 MAdc. Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE " 10MAdc, lc " 0) 


Collector Cutoff Current 
(Vcb = ioo vdc. Ie = o) 
(Vcb = 120vdc, ie = o) 
(Vcb = loo vdc. Ie = o.ta = ioo«e) 
(Vcb ° 12Q vdc. ie ° o.Ta = ioo°c) 


Emitter Cutoff Current 
(Veb ° 4-Q v^c 'c - 
o> 
ON CHARACTERlSTrCS(2) 


DC Current Gain 
dC = 1.0mAdc.Vce = 5.0Vdc) 


dC = 10 mAdc, Vce = 50 Vdc) 


dC = 50 mAdc, Vce = 5.0Vdc) 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc. Ib = 10 mAdc) 


dC = 50 mAdc,Ib = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib ° 1-0mAdc) 


(lC = 50 mAdc, Ib = 5.0mAdc) 


MOTOROLA SEMICONDUCTORS 


2N55S0 
2N5551 


2N5550 
2N5551 


2N5550 
2N55S1 
2N5550 
2N5S51 


2N5550 
2N5551 


2N5550 
2N5S51 


2N5550 
2N5551 


Both Types 


2N55S0 
2N5551 


Both Types 


2N5550 
2N5551 
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V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


<EBO 


hFE 


VCE(sat) 


VBE(sat) 


140 
160 


160 
180 


6.0 


60 
80 


60 
80 


20 
30 


100 
50 
100 
50 


50 


250 
250 


0.15 


0.25 
0.20 


1.0 


1.2 
1.0 


Vdc 


Vdc 


Vdc 


nAdc 


MAdc 


nAdc 


Vdc 


Vdc 


SMALL-SIGNAL DEVICES 


2N5550, 2N5551 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
' 
MIn 
Max 
I 
Unit 
SMALL-SIGNAL CHARACTERISTICS 
• 
' 
' 
' 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc,Vce = 10 Vdc, f = 100 MHz) 
tT 
100 
300 
MHz 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = 1.0 mhz) 
CODO 
- 
6.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
2N5550 
2N5551 


Cjbo 


- 
30 
20 


PF 


Small-Signal Current Gain 
dC = 1.0 mAdc. Vce = 10 Vdc.f = 1.0 kHz) 
hfe 
50 
200 
- 


Noise Figure 
dC = 250MAdc, Vce = 5.0Vdc, Rs =• 1.0kohm. 
f = 10 Hz to 15.7 kHz) 
2N5550 
2N5551 


NF 


- 
10 
8.0 


dB 


(2)PulseTest: PulseWidth = 300 ms, DutyCycle = 2.0%. 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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2N5550, 2N5551 


FIGURE 3 - COLLECTOR CUT-OFF REGION 
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FIGURE 4- "ON" VOLTAGES 
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FIGURE 6 - SWITCHING TIMETEST CIRCUIT 
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FIGURE 9-- TURN-OFF TIME 
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2N5771 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
15 
Vdc 


Emitter-Base Voltage 
Vebo 
4.5 
Vdc 


Collector Current — Continuous 
ic 
50 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.625 
Watts 
mW/°C 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
1.0 
Watt 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


Lead Temperature 
tl 
260 
°c 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
dc ° 3.0 mA)(1) 


Collector-Emitter Breakdown Voltage 
dc = 100 mA) 


Collector-Base Breakdown Voltage 
(lc = 100 mA) 


Emitter-Base Breakdown Voltage 
(Ie = 100 mA) 


Collector Cutoff Current 
(Vcb " 0-° Vdc> 
Collector Cutoff Current 
(Vce = 8.0 Vdc) 
(Vce ° 8.0 vdc, Ta ° 125°C) 


Emitter Cutoff Current 
(Vbe ° 4S Vllc> 


ON CHARACTERISTICS 


DC CurrentGain (lc = 10 mA.Vce = 0.6 VdcKD 
(IC = 10 mA Vce = °-3 Vdc)(1) 
(lC = 50 mA,Vce = 1-0Vdc)(1) 
dC ° 10 mA. Vce ° 0-3Vdc. TA" -55*0 
Collector-Emitter Saturation Volt8ge(1) 
dc = 10 mA <B = 0.1 mA) 
dC = 10 mA.Ib = 1.0mA) 
(lc = 50 mA,Ib = 5.0mA) 


Base-EmitterSaturation Voltage(l) 
dc = 1-0mA, Ib = 0.1 mA) 
(IC = 10 mA, IB = 10 mA) 
(IC = 50 mA Ib = S.O mA) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VCB " 5.0 Vdc, f =* 140 kHz) 


Emitter-Base Capacitance 
(VBE " 05 Vdc,f = 140 kHz) 


Small-Signal Current Gain 
(IC ° 10mA VCE " 10vdc>f = 10° MHz> 


SWITCHING CHARACTERISTICS 


Storage Time 
(lC ° 10 mA,Ibi - lB2* 10 mA) 


Turn-On Time 
(lC= 10 mA Ib " 10 "»A) 


Turn-Off Time 
dC = 10 mA,Ibi = lB2 = 1-0""A) 
(1)Pulse Conditions: Pulse Length = 300 ms.DutyCycle= 1.0%. 
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Symbol 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 


V(BR)EBO 
JCBO 
ices 


>ebo 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


Ceb 


hfe 


*on 


«off 


Min 


15 


15 


15 


4.5 


35 


SO 
40 
20 


0.75 


8.5 


Max 


10 


10 
5.0 


1.0 


120 


0.15 
0.18 
0.6 


0.8 
0.95 
1.5 


3.0 


3.5 


20 


15 


20 


Unit 


Vdc 


Vdc 


Vdc 


Vdc 


nA 


nA 
MA 


ma 


Vdc 


Vdc 


PF 


pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-Base Voltage 
VCBO 
40 
Vdc 
Emitter-Base Voltage 
VEBO 
12 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
TotalDevice Dissipation @ Ta = 25°C 
Derate above 25'C 
PD 
625 
5.0 
mW 
mW/°C 
TotalDeviceDissipation@ Tc = 25°C 
Derate above 25'C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
°c/w 
Thermal Resistance, Junction to Ambient 
RflJAlD 
200 
°c/w 
(1)R&JA Is measured withthe device soldered into a typicalprintedcircuitboard. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Symbol 


2N6426 
2N6427 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


NPN SILICON 


MIn 
Typ 
Max 
Unit 
| 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
40 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100MAdc, l£ = 0) 
v(BR)CBO 
40 
- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
HE = 10 MAdc, lc = 0) 
V(BR)EBO 
12 
- 
- 
Vdc 


Collector Cutoff Current 
(Vce = 25 Vdc, Ib = 0) 
'CEO 
— 
- 
1.0 
MAdc 


Collector Cutoff Current 
(Vcb = 30 vdc. ie = oi 
>CBO 
— 
- 
50 
nAdc 


Emitter Cutoff Current 
(vBE = io vdc. ic = o) 
•ebo 
— 
- 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Ga'ml2) 
(lC = 10 mAdc. Vce = 5-0Vdc) 
2N6426 
2N6427 


dC = 100 mAdc, Vce = 5-0Vdc) 
2N6426 
2N6427 


dC = 500 mAdc, Vce = 5.0 Vdc) 
2N6426 
2N6427 


hFE 
20,000 
10,000 


30,000 
20,000 


20,000 
14,000 


- 
200,000 
100,000 


300,000 
200,000 


200.000 
140,000 
Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 0.5 mAdc) 
dC = 500 mAdc. Ib = 0.5 mAdc) 


VCE(sat) 


- 
0.71 
0.9 
1.2 
1.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 
— 
1.52 
2.0 
Vdc 


Base-Emitter On Voltage 
dC = 50 mAdc, Vce = 6.0 Vdc) 
vBE(ori) 
— 
1.24 
1.75 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb 
*• io vdc, i£ = o, f = 1.0 mhz) 
Cobo 
- 
5.4 
7.0 
PF 


Input Capacitance 
(vBe 
•= io vdc, ic = o, f = lo mhz) 
Cibo 
— 
10 
15 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N6426, 2N6427 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


Input Impedance 
(IC = 10 mAdc,Vce = 5.0Vdc, f = 1.0kHz) 
2N6426 
2N6427 


hie 
100 
50 


- 
2000 
1000 


kO 


Small-Signal Current Gain 
dC = 10 mAdc,Vce = 5.0Vdc, f = 1.0kHz) 
2N6426 
2N6427 


hfe 
20,000 
10.000 


- 
- 


Current G8in — High Frequency 
dC = 10mAdc,Vce = 5.0Vdc, f = 100MHz) 
2N6426 
2N6427 


Ihfel 
1.5 
1.3 
2.4 
2.4 


- 


Output Admittance 
(IC = 10 mAdc,Vce = 5.0Vdc, f = 1.0kHz) 
h0e 
— 
— 
1000 
Mmhos 


Noise Figure 
dC = 1.0 mAdc, Vce = 5.0 Vdc, Rs = 100 kfl, 
f = 10 kHz to 15.7 kHz) 


NF 
3.0 
10 
dB 


(2) Pulse Test: Pulse Width =s300 ms, Duty Cycle =s2.0%. 


FIGURE 1 - TRANSISTOR NOISE MODEL 
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FIGURE 3 - 
NOISE CURRENT 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
2N6428.A 
2N6429.A 


Vceo 
SO 
45 


Vdc 


Collector-Base Voltage 
2N6428.A 
2N6429.A 


VcbO 
60 
55 


Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 
Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 
Pd 
625 
5.0 
mW 
mVWC 
Total Device Dissipation @ Tc - 25°C 
Derate above 2S°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
°c/w 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°c/w 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N6428,A 
2N6429,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSA18 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc. Ib = 0) 
2N6428.A 
2N6429.A 


V(BR)CEO 
50 
45 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ie = 0) 
2N6428.A 
2N6429.A 


V(BR)CB0 
60 
55 


- 
Vdc 


Collector Cutoff Current 
(Vce = 30 Vdc) 
>CEO 
— 
0.025 
uA 


Collector Cutoff Current 
(Vcb = 30 Vdc, Ie = 0) 
>CBO 
— 
0.01 
M 


Emitter Cutoff Current 
(Veb = 5.0 vdc, ic = o) 
<EBO 
— 
0.01 
ma 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 5.0 Vdc, Iq = 0.01 mAdc) 
2N6428,A 
2N6429.A 


(Vce = 5.0 Vdc, lc = 0.1 mAdc) 
2N6428,A 
2N6429.A 


(Vce = 50 Vdc, lc = 1.0 mAdc) 
2N6428.A 
2N6429.A 


(Vce = 5.0 Vdc, lc = 10 mAdc) 
2N6428.A 
2N6429.A 


"FE 
250 
500 


250 
500 


250 
500 


250 
500 


650 
1250 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib =• 0.5 mAdc) 
dc =100 mAdc, Ib •= 5.0 mAdc) 


VCE(sat) 


- 
0.2 
0.6 


Vdc 


Base-Emitter On Voltage 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
0.56 
0.66 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, Vce = 5.0 V, f = 100 MHz) 
fT 
100 
700 
MHz 


Output Capacitance 
(Vcb = 10 vdc, iE = o, f = i.o mhz) 
cobo 
- 
3.0 
PF 


Input Capacitance 
(Veb = 0.5 vdc, ic = o, f = 1.0 mhz) 
Cibo 
— 
8.0 
pF 


SMALL-SIGNAL DEVICES 
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2N6428.A, 2N6429.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'C unless otherwise noted ) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Input Impedance 
dC = 1.0mAdc. Vce = 5.0Vdc, f = 1.0kHz) 
2N6428.A 
2N6429.A 


hje 
3.0 
6.0 
30 
60 


kn 


Voltage Feedback Ratio 
dC = 1.0mAdc, Vce = 5.0Vdc,f = 1.0 kHz) 
2N6428.A 
2N6429.A 


hre 
2.0 
5.0 
20 
50 


X10-4 


Small-Signal Current Gain 
(lC = 1.0mAdc, Vce = 5.0Vdc, f = 1.0kHz) 
2N6428.A 
2N6429.A 


hfe 
200 
400 
800 
1600 


Output Admittance 
dC = 1.0mAdc. Vce = 5.0Vdc. f = 1.0kHz) 
2N6428.A 
2N6429.A 


h0e 
5.0 
10 
50 
100 


ftmhos 


NOISE RGURE/TOTAL NOISE VOLTAGE CHARACTERISTICS (Vce " 5.0 V,lc ° 0-1 mA.TA ° 25°C). 


(1)Rs = 10 Ml, BW = 1.0 Hz.f = 100 Hz 
(2)RS = 50 kn, BW= 15.7kHz, f = 10Hz-10kHz 
(3)Rs » 500 n, BW = 1.0 Hz,f = 10 Hz 


MOTOROLA SEMICONDUCTORS 


2N6428 
2N6428A 
2N6429 
2N6429A 
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NF 
VT 
Max (1) 


3.0 
2.0 
3.0 
2.0 


18.1 
16.2 
18.1 
16.2 


NF 
Vt 
Max (2) 


6.0 
4.0 
5.0 
3.5 


5700 
4600 
5100 
4300 


NF 
Vj 
Max (3) 


3.5 
3.0 
4.0 
3.5 


4.3 
4.1 
4.6 
4.3 


Unit 


dB 
dB 
dB 
dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N6515 
2N6518 
2N6516 
2N6S19 
2N6517 
2N5520 
Unit 
Collector-EmitterVoltage 
vCEO 
250 
300 
350 
Vdc 
Collector-Base Voltage 
VcBO 
250 
300 
350 
Vdc 
Emitter-Base Voltage 
2N6515, 2N6516, 2N6517 
2N6518, 2N6519, 2N6520 


VebO 
6.0 
5.0 


Vdc 


Base Current 
>b 
250 
mAdc 


Collector Current — Continuous 
ic 
500 
mAdc 
Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 


PD 
0.625 
5.0 
Watt 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj, Tgtg 
-55 to +150 
•c 


Lead Temperature 
* 1/16" from case for 10 seconds 
TL 
260 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
RflUC 
83.3 
•c/w 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25'Cunlessotherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 


NPN 
2N6515 
thru 
2N6517 
PNP 
2N6518 
thru 
2N6520 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE 
TRANSISTOR 


Symbol 
MIn 
Max 
Unit 


Collector-EmitterBreakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
2N6515,2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


v(BR)CEO 
250 
300 
350 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 itAdc. Ig = 0) 
2N6515,2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


v(BR)CBO 
250 
300 
350 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc. lc = 0) 
2N6515,2N6516,2N6517 
2N6518, 2N6519, 2N6520 


v(BR)EBO 
6.0 
5.0 


- 
Vdc 


Collector Cutoff Current 
(Vcb = 150Vdc, lE = 0) 
2N6515,2N6518 
(Vcb = 200 Vdc, Ie = 0) 
2N6516.2N6519 
(Vcb = 250Vdc, lE = 0) 
2N6517,2N6520 


•CBO 


- 
50 
50 
50 


nAdc 


Emitter Cutoff Current 
(Veb = 5.0Vdc. lc = 0) 
2N6515, 2N6516,2N6517 
(VEb » 4.0 Vdc, lc = 0) 
2N6518.2N6519,2N6520 


>EBO 


- 
50 
50 


nAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC =» 1.0mAdc. VCe = 10Vdc) 
2N651S, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


hFE 
35 
30 
20 


- 


— 


dC = 10 mAdc, VCe = 10Vdc) 
2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


50 
45 
30 


— 


dC = 30 mAdc, Vce = 10 Vdc) 
2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


50 
45 
30 


300 
270 
200 


(lC = 50 mAdc, Vce = 10 Vdc) 
2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 


45 
40 
20 


220 
200 
100 


dC = 100 mAdc, Vce = 10 Vdc) 
2N6515, 2N6518 
2N6516, 2N6S19 
2N6517, 2N6520 


25 
20 
15 


- 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Collector-Emitter Saturation Voltage 
VCE(sat) 
Vdc 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
— 
0.30 
(lC = 20 mAdc, Ib = 2.0 mAdc) 
— 
0.35 
dC = 30 mAdc,Ib =• 3.0 mAdc) 
— 
0.50 
(lC = 50 mAdc, Ib - 5.0 mAdc) 
— 
1.0 


Base-Emitter Saturation Voltage 
vBE(sat) 
Vdc 
dC = 10 mAdc,Ib = 1.0 mAdc) 
— 
0.75 
dC = 20 mAdc Ib = 2.0 mAdc) 
— 
0.85 
dC = 30 mAdc, Ib = 3.0 mAdc) 
— 
0.90 


Base-Emitter On Voltage 
VBE(on) 
— 
2.0 
Vdc 
(lc = 100 mAdc.Vce = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dC = 10 mAdc,Vce = 20Vdc,f = 20 MHz) 
fT 
40 
200 
MHz 


Collector-Base Capacitance 
(Vcb = 20 Vdc, Ie = 0. f = 1.0 MHz) 
Ccb 
— 
6.0 
pF 


Emitter-Base Capacitance 
(Veb = 0.6Vdc, lc = 0, f = 1.0MHz) 
2N6515 thru 2N6517 
2N6518 thru 2N6520 


Ceb 


- 
80 
100 


PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC " 100 Vdc, VBE(off) 
2.0 Vdc, lc ° 50 mAdc, Ifll = 10 mAdc) 


Turn-Off Time 
(VCC = 100 V<k' 'C 
50 mAdc, Ibi = >B2 ° 1° mAdc) 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle « 2.0%. 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 


FIGURE 2 - 
DC CURRENT GAIN 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS404 
MPS404A 
Unit 
Collector-Emitter Voltage 
VceO 
24 
35 
Vdc 
Collector-Base Voltage 
VcBO 
25 
40 
Vdc 
Emitter-Base Voltage 
Vebo 
12 
25 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 
TotalDevice Dissipation@ TA = 25X 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 
TotalDeviceDissipation@ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rene 
83.3 
°c/w 
Thermal Resistance, Junction to Ambient 
RflJAtP 
200 
"CA/V 
(1)RftJA is measured withthe devicesoldered intoa typical printedcircuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(lC = 10 uAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(IE =• 10 uAdc, IC = 0) 


Collector Cutoff Current 
(Vcb ° io vdc. ie = Q) 


Emitter Cutoff Current 
(VBE = 10 Vdc, lc = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Iq = 12 mAdc, Vce = 015 Vdc) 
Collector-EmitterSaturation Voltage 
dC = 12 mAdc, lB = 0.4 mAdc) 
dC ° 24 mAdc, Ib = 1.0 mAdc) 
Base-Emitter Saturation Voltage 
dc = 12 mAdc, Ib = 0.4 mAdc) 
dC = 24 mAdc, Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Common-Base Cutoff Frequency 
dc " 1.0 mAdc. Vcb " 6.0 Vdc) 


Output Capacitance 
(VCB ° 6 0 Vdc, Ig = 0, f = 1.0 MHz) 
(2)Pulse Test: Pulse Width « 300 us, Duty Cycle =s 2.0%. 


SMALL-SIGNAL DEVICES 


MPS404 
MPS404A 


MPS404 
MPS404A 


MPS404 
MPS404A 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


>EBO 


hFE 


vCE{sat) 


vBE(sat) 


fob 


C0bo 


MPS404 
MPS404A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


CHOPPER TRANSISTOR 


PNP SILICON 


Min 


24 
35 


25 
40 


12 
25 


30 


4.0 


Typ 


50 
50 


100 


0.1 
0.12 


0.7 
0.74 


6.8 


Max 


100 


100 


400 


0.15 
0.20 


0.85 
1.0 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 
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MPS404, MPS404A 
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FIGURE 1 - COLLECTOR-EMITTER VOLTAGE 
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FIGURE 3 - DC CURRENT GAIN ® VCE = 0.1S Vdc 
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FIGURE 2 - 
BASE "ON" VOLTAGE 
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FIGURE 4 - DC CURRENT GAIN @VEC = 0.15 Vdc 
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FIGURE 5 - DC CURRENT GAIN @VCE 
» 1.0 Vdc 
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FIGURE 6 - OC CURRENT GAIN @ VEC - 1.0 Vdc 
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FIGURE 7 - COLLECTOR SATURATION REGION 
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FIGURE 9 - EMITTER-COLLECTOR "ON" RESISTANCE 
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FIGURE 11 - 
TURN-ON TIME 
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FIGURE 8 - 
EMITTER SATURATION REGION 
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FIGURE 10 - CAPACITANCE 
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FIGURE 12 - TURN-OFF TIME 
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figure 13 - switching time test circuit 
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FIGURE 14 - 
STORED BASE CHARGE TEST CIRCUIT 
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MEASUREMENTPR0CEOURE 
Ciisincreased until the t0fItime of gQV 
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0.2 ps. Qs >s then calculatedby 
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QS3or Qs7by8-Line Electronics 
or equivalentmay also be used. 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS650 
MPS750 
MPS6S1 
MPS751 
Unit 
Collector-Emitter Voltage 
VceO 
40 
60 
Vdc 


Collector-Base Voltage 
vCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
2.0 
Adc 
Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 
PD 
625 
12.0 
mW 
mW/"C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
5.0 
Watt 
mW/*C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&IC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
R&JA 
200 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS650 
MPS651 
NPN SILICON 


MPS750 
MPS751 
PNP SILICON 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
MPS650, MPS750 
MPS651, MPS751 


v(BR|CEO 
40 
60 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 uAdc, Ie = 0) 
MPS650, MPS750 
MPS651, MPS751 


v(BR)CBO 
60 
80 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 /«Adc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc_ 


Collector Cutoff Current 
(Vcb = 60 Vdc, Ie = 0) 
MPS650, MPS750 
(Vcb = 80 Vdc, Ie = 0) 
MPS651, MPS751 


>CBO 


- 
0.1 
0.1 


/iAdc 


Emitter Cutoff Current 
(vEb = 4.o v, ic = o) 
>EBO 
— 
0.1 
/<Adc 


ON CHARACTERISTICS!!) 


DC Current Gain 
«C = 50 mA, VCe = 2.0 V) 
(lC = 500 mA, Vce = 2.0 V) 
dc = 1.0 a, Vce ° 2.ov) 
dc = 2.0 A, Vce = 2.0 V) 


hFE 
75 
75 
75 
40 


- 


Collector-Emitter Saturation Voltage 
dC = 2.0 A, Ib = 200 mA) 
dC = 1.0 A, Ib = 100 mA) 


vCE(sat) 


- 
0.5 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 1.0 A, Ib = 100 mA) 
vBE(sat) 
— 
1.2 
Vdc 


Base-Emitter On Voltage 
dc = io a, vCe = 2.ov) 
vBE(on) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
«T 
75 
- 
MHz 


(1)Pulse Test: Pulse Width «s 300 us. Duty Cycle < 2.0%. 
(2)fj is definedas the frequencyat which |hfe| extrapolates to unity. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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IY1PS706,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN S1UCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCER 
20 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


Total Device Dissipation @ Ta = 25"C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/T 


Total Device Dissipation @ Tc = 25CC 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rajc 
83.3 
x/w 


Thermal Resistance, Junction to Ambient 
RflJAd) 
200 
TAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Rbe = 10 Ohms) 
V(BR)CER 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC " 100 tiAdc, Ie = 0) 
V(BR)CBO 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15Vdc, Ie = 0) 
MPS70cVMPS7C6A 
(Vcb = 25Vdc. Ie = 0) 
MPS706A 


Icbo 


- 
- 
0.5 
10 


fiAdc 


Collector Cutoff Current 
MPS706A 
(Vce = 20 Vdc, Rbe = 100 kHz) 
'CER 
— 
— 
10 
uAdc 


Emitter Cutoff Current 
(Vbe = 3.0Vdc, lc = 0) 
MPS706 
(Vbe = 5.0Vdc, lc = 0) 
MPS706A 


lEBO 


- 
- 
10 
10 


uAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10mAdc,Vce = 10 Vdc) 
MPS706 
MPS706A 


hFE 
20 
20 
50 
45 
60 


—~ 


Collector-Emitter Saturation Voltage(2) 
dC = 10 mAdc. Ib = 10 mAdc) 
VCE(sat) 
— 
0.3 
0.6 
Vdc 


Base-Emitter Saturation Voltage(2) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
MPS706 
MPS706A 


VBE(sat) 


0.7 
0.8 
0.8 
0.9 
0.9 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc,Vce = 15Vdc, f = 100MHz) 
fT 
200 
600 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc< 'E = 0, f = 100kHz) 
MPS706 
Cobo 
— 
1.5 
6.0 
PF 


Input Capacitance 
(VBe = 10 Vdc. IC = 0, f = 100 kHz) 
Cjbo 
— 
3.4 
— 
PF 


Extrinsic Base Resistance 
(Vce = 15Vdc, Ie = 10 mAdc, f = 300 MHz) 
rb 
— 
— 
50 
PF 


MOTOROLA SEMICONDUCTORS 
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MPS706.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


SWITCHING CHARACTERISTICS 


Storage Time 
(Figure 1) 
(Vce = 10 Vdc, lc = 10 mAdc, 
MPS706A 
Ifll = lB2 = 10 mAdc) 
MPS706 


ts 


- 
20 
20 
25 
60 


ns 


Turn-On Time 
(Figure 1) 
(Vce = 3.0Vdc, VBE(off) = 2.0Vdc, lc = 10 mAdc, Ibi = 3.0 mAdc) 
ton 
— 
35 
40 
ns 


Turn-Off Time 
(Figure 2) 
(Vce = 3-0 Vdc, lc = 10 mAdc, Ibi = Ib2 = 3.0 mAdc) 
toff 
— 
55 
75 
ns 


(1) RflJAis measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width * 12 ns, Duty Cycle -a 2.0%. 


FIGURE 1 -SWITCHING TIME TEST CIRCUIT 


SMALL-SIGNAL DEVICES 


O 
VCC - 3.0 Vdc 
(Adjust for 10 mA) 


0V 
- 
-3.1 V—' 
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FIGURE 2 -STORAGE TIME TEST CIRCUIT 


O VCC" 10.3 Vdc 
(Adjust for 10 mA) 


Scope 


MOTOROLA SEMICONDUCTORS 


MPS708 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
15 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
1.5 
12 mW 
Watt 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rejc 
83.3 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJAO) 
200 
"CAV 


ELECTRICALCHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 
Unit 
I 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 30 mAdc, Ib = 0) 


Collector-Emitter Breakdown Voltage 
dC = 30 mAdc,Rbe " 10 Ohms) 


Collector-Base Breakdown Voltage 
(lC = 1.0pAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE = 10MAdc, lc ° 0) 


Collector Cutoff Current 
(Vcb = 20 vdc, ie = o) 


Emitter Cutoff Current 
(VBe ° 4-0Vdc' 'C = Q) 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 0.5 mAdc,Vce = 10 Vdc) 
(lC = 10 mAdc,Vce ° 10 v<fc> 


Collector-Emitter Saturation Voltage 
dC ° 10 mAdc,Ib = 10 mAdc) 


Base-Emitter Saturation Voltage 
|lc° 10 mAdc, Ib ° 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc ° 10 mAdc, Vce " 10 Vdc.f ' 
100 MHz) 


Output Capacitance 
(VCB " 10 Vdc, IE ° o. f 
140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Figure 1) 
(VCC " 3.0 Vdc,lc = 10 mAdc, Ibi 
lB2 ° 10 mAdc) 


Symbol 


V(BR)CEO 


V(BR)CER 


V(BR)CB0 


V(BR)EBO 


ICBO 


<EBO 


hFE 


VCE(sat) 


VBE(sat) 


Cobo 


(1) R^ ismeasured with thedevice soldered into a typical printed circuit board. 
(2)Pulse Test: Pulse Width c 300 us, Duty Cycle « 2.0%. 


MPS750, MPS751 
ForSepcificationstSeeMPS6S0,MPS6Sl 
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Min 


15 


20 


40 


5.0 


15 
30 


0.68 


300 


Typ 


35 
50 


0.21 


0.7 


600 


2.4 


Max 


25 


80 


120 


0.4 


0.78 


6.0 


25 


Vdc 


Vdc 


Vdc 


Vdc, 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


MPS708 


9V| 
I 
(»r<10ns) 


SMALL-SIGNAL DEVICES 


FIGURE 1 - 
SWITCHING TIME TEST CIRCUIT 


1.0 k 
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-Ovc 


=T 
VCC - 3.0 V 
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MPS834 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
PD 
625 
5.0 
mW 
mW/X 


Total Device Dissipation @Tq = 25°C 
Derate above 25X 
pd 
1.5 
12 
Watt 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RftJC 
83.3 
XAV 


Thermal Resistance, Junction to Ambient 
RflJAdl 
200 
XAV 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 
Symbol 
Min 
Typ 
Max 
Unit 
| 
Characteristic 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(lC = 10MAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE = 10MAdc, lc =• 0) 


Collector Cutoff Current 
(vCb ° 20 vdc. ie = Q) 


Collector Cutoff Current 
(Vce = 30 vdc, vbe ° 


ON CHARACTERISTICS 


DC Current Gain(2) 
dc = 10 mAdc. Vce 
1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(lC = 10mAdc Ib = 1-0mAdc) 
(lC =• SO mAdc, Ib ° 5.0 mAdc)(2) 


Base-Emitter Saturation Voltage 
dC =• 10 mAdc,Ib ° 1-0mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC° 10mAdc, VCE " 20Vdc, f ° 100 MHz) 


Output Capacitance 
(Vcb = io vdc Ie ° o. f = ioo *"'> 


Input Capacitance 
(VEb " 10Vdc, lc ° 0. f = 10° kH*> 


SWITCHING CHARACTERISTICS 


Storage Time 
(Rgure 1) 
(VCC ° 1° Vdc''C ° 1° mAdc,Ibi = lB2 
10 mAdc) 


Turn-On Time 
(Figure 1) 
(VCC ° 3-0Vdc, VBE(off) ° 40 vdc- 'C 
10 mAdc, Ibi " 3.0 mAdc) 


Turn-Off Time 
(Rgure 2) 
(Vce = 3.0Vdc, lc = 10mAdc, Ibi = 3.0mAdc) 


V(BR)CBO 


V(BR)EBO 


ICBO 


Ices 


hFE 


VCE(sat) 


VBE(sat) 


CODo 


Cjbo 


toff 


(U RflJAis measured with the device soldered into atypical printed circuit board. 
(2)Pulse Test: Pulse Width <s 300 ms.Duty Cycle <s 2.0%. 
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FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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>Scope 
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FIGURE 2 - STORAGE TIME TEST CIRCUIT 


MOTOROLA SEMICONDUCTORS 


MPS835 


CASE 29, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
| 
Unit 
1 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Tot8l Device Dissipation @ Ta = 25X 
Derate above 25X 
pd 
625 
5.0 
mW 
mW/X 


Total Device Dissipation @ Tc - 25X 
Derate above 25X 
pd 
1.5 
12 
Watt 
mW/X 


Operatingand Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
XAV 


Thermal Resistance, Junction to Ambient 
RflJAlU 
200 
X/W 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unlessotherwise noted.) 
Symbol 
Min 
Typ 
Max 
Unit 
Characteristic 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
dC = 10MAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE " 10uAdc. lc " 0) 


Collector Cutoff Current 
(VCB " 20 Vdc, Ie " 0) 


Collector Cutoff Current 
(Vce ° 20 vdc, vbe ° 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, VcE 


0) 


1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(lC ° 10mAdc, Ib ° 1-0 mAdc) 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc. IB " 1° mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10mAdc, VcE ° 20Vdc, f = 100 MHz) 


Output Capacitance 
(VCB = IQVdclE = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Figure 1) 
(VCC = 10 V. 'C a 1° mAdc, Ifl1 
lB2 ° 10 mAdc) 


Tum-On Time 
(Figure 2) 
(VCc = 3.0V, VBE(off) = 2.0V, lc = 10mAdc, 
iBi = 3.0mAdc, lB2 ° 1° mAdc) 


Turn-Off Time 
(Figure 2) 
(Vce = 3.0V,lc " 10 mAdc,Ibi 
3.0 mA, Ib2 " 1-0 mAdc) 


V(BR)CBO 


V(BR)EBO 


ICBO 


Ices 


hFE 


VcE(sat) 


VBE(sat) 


Cobo 


ton 


toff 


(D RflJA Is measured with the device soldered into atypical printed circuit board. 
(2) Pulse Test:Pulse Width * 300ms. Duty Cycle < 2.0%. 
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SMALL-SIGNAL DEVICES 


MPS835 


FIGURE '- TURN-ON A*i^*0¥FTlNE 
TEST CIRCUIT 
FJ««E2- STORAGE TIME TEST CIRCUIT 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONl" 
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MPS918 
MPS3563 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 
AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-BaseVoltage 


Collector Current — Contini 
TotalDevice Dissipation (§ Ta = 25°C 
Derate above 25'C 


Total Device Dissipation (a Tc = 25CC 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol In\PS918'N\PS3563 


vCEO 


VCBO 


1EBO 


PD 


Pd 


Tj.T.stg 


3.0 
2.0 


625 
5.0 


1.5 
12 


-55 to -r150 


Unit 


Vdc 


Vdc 


Vdc 


mAdc 


mW 
mW/X 


Watt 
mW/'C 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R«jc 
83.3 
XAV 


Thermal Resistance, Junction to Ambient 
RfiJAd) 
200 
°cw 
1 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Unit 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ir = 3.0mAdc, lB = 0) 
MPS918 
MPS3563 


v(BR)CEO 
15 
12 


- 


Vdc 


Collector-Base Breakdown Voltage 
(IC = 1.0 MAdc, Ie = 0) 
MPS918 
(|r = 100 MAdc, Ie = 0) 
MPS3563 


v(BR)CBO 
30 
30 


- 


Vdc 


Emitter-Base Breakdown Voltage 
Up = 10MAdc, lC = 0) 
MPS918 
MPS3563 


V(BR)EBO 
3.0 


2.0 


- 


Vdc 


\ CollectorCutoff Current 
(VCB = 15 Vdc. IE = 0) 
MPS918 
I 
^° 
MPS3563 


!CBO 


- 
10 
50 


nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
(lc = 3.0 mAdc, Vce = VOVdc) 
llc = 8.0 mAdc. Vce ° 10 Vdc) 


Collector-Emitter Saturation Voltage 
dc = 10mAdc. Ib = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(lc = 10 mAdc, Ig = 1-0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
|IC = 4.0mAdc, Vce = 1°vdc- ' = 10° MHz) 
(IC a 8.0mAdc, Vce = 10vdc- f = 10°MHz) 


Output Capacitance 
IVcb = ° vdc-'E = °<f = 140kHzl 
(vCb = 10vdc' 'e = °-f = 140 kHz) 
(vCb = 10Vdc- ie = °-f = 1-°MHz) 
Input Capacitance 
(Veb = °-5Vdc- 'C = °-{ = 140kHz) 
Small-Signal Current Gain 
(IC = 8.0 mAdc, Vce * 10vdc- Lf-LS kHz) 


Noise Figure 
(IC = 1.0 mAdc. VCE • 6.0 Vdc, Rs - 400 ohms, f = 60 MHz) 


MOTOROLA SEMICONDUCTORS 


MPS918 


MPS918 


MPS918 


MPS918 
MPS3563 


MPS918 
MPS918 
MPS3563 


MPS918 


MPS3563 


MPS918 


2-92 


"FE 


VcE(sat) 


VBE(sat) 


Cobo 


Cjbo 


hfe 


20 
20 


600 
600 


200 


0.4 


1.0 


1500 


3.0 
1.7 
1.7 


2.0 


250 


6.0 


Vdc 


Vdc 


PF 


PF 


dB 


SMALL-SIGNAL DEVICES 


^ 


MPS918, MPS3563 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25X unless otherwise noted.) 


Characteristic 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
«C = 6.0 mAdc,Vcb = 12 Vdc,f = 200 MHz) 
dC = 8.0 mAdc, Vce = 10 Vdc,f = 200 MHz) 
(Gfd + Gre < -20 dB) 


Power Output 
dc = 8.0 mAdc, Vcb 
15 Vdc, f o 500 MHz) 


Oscillator Collector Efficiency 
dC ° 8.0 mAdc,Vqa = 15 Vdc, Pout ° 30 mW,f = 500 MHz) 


MPS918 
MPS3563 


MPS918 


MPS918 
(1)Raja is measured withthe device soldered into a typicalprintedcircuitboard. 
(2)Pulse Test: Pulse Width =s 300 ms. Duty Cycle « 1.0%. 
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Symbol 
MIn 
Max 
Unit 


dB 


pout 
30 
mW 


25 


MOTOROLA SEMICONDUCTORS 


I 


MPS929.A 
MPS930,A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for additional graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25X unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(IC = 10 MAdc Ie = 0) 


Emitter-Base Breakdown Voltage 
(|E= 10MAdc, lc = 0) 


Collector Cutoff Current 
(Vce = s.o vdc, Ib = Q) 


Collector Cutoff Current 
(VCb = 45Vdc, Ie = 0) 


\ CollectorCutoffCurrent 
1 
(vCe =45 vdc, Vbe =°> 


(vCe = 45vdc, vBE =• "•ta = 125°C> 


Emitter Cutoff Current 
(Veb =• 6-° Vdc- 'c = °) 


ON CHARACTERISTICS 


DC Current GainO) 
(lc •= 1.0 MAdc, Vce = 5.0Vdc) 


-55X) 


dc = 10 MAdc, Vce = 5.0 Vdc) 


dc = io MAdc, Vce = 5.0 Vdc, Ta = 


flc-=soo MAdc. Vce = 5.0 Vdc) 


dc = 10 mAdc, Vce 
= 5.0 Vdc) 


MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS929 
MPS930 
MPS929A 
MPS930A 
Unit 


Collector-Emitter Voltage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
VcBO 
45 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
6.0 
Vdc 


Collector Current— Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta •= 25X 
Derate above 25X 
pd 
625 
5.0 
mW 
mW/X 


Total Device Dissipation @ Tc = 25X 
Derate above 25X 
pd 
1.5 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
j 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
x/w 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
XAV 


MPS929, MPS930 
MPS929A, MPS930A 


MPS929, MPS930 
MPS929A, MPS930A 


MPS929, MPS930 
MPS929A, MPS930A 


MPS929, MPS930 
MPS929A, MPS930A 


MPS929, MPS930 
MPS929A, MPS930A 


MPS929, MPS930 
MPS929A, MPS930A 


MPS929A 
MPS930A 


MPS929, MPS929A 
MPS930, MPS930A 


MPS929 
MPS929A 
MPS930 
MPS930A 


MPS929, MPS929A 
MPS930, MPS930A 


MPS929, MPS929A 
MPS930, MPS930A 


2-94 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


•ceo 


ICBO 


Ices 


>EBO 


hre 


MIn 


45 


45 
60 


5.0 
6.0 


25 
60 


40 
100 


10 
15 
20 
30 


60 
150 


Max 


2.0 


10 
2.0 


10 
2.0 


ioV 
2.0^ 


10 
2.0 


120 
300 


350 
600 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


nAdc 


MAdc 


nAdc 


SMALL-SIGNAL DEVICES 


ELECTRICAL CHARACTERISTICS (continued) (TA ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
Collector-Emitter Saturation Voltaged) 
(lC = 10 mAdc, Ib = 0.5 mAdc) 
MPS929, MPS930 
MPS929A, MPS930A 


vCE(sat) 
1.0 
0.5 


Vdc 


Base-Emitter Saturation Voltaged) 
dC ° 10 mAdc, Ib = 0.5 mAdc) 
MPS929, MPS930 
MPS929A, MPS930A 


vBE(sat) 
0.6 
0.7 
1.0 
0.9 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc. Vce = 5.0 Vdc,f = 30 MHz) 
MPS929, MPS930 
MPS929A, MPS930A 
30 
45 


MHz 


Output Capacitance 
(Vcb = 5.o Vdc,ie = o, f = 1.0 mhz) 
MPS929, MPS930 
MPS929A, MPS930A 


C0bo 
8.0 
6.0 


PF 


Input Impedance 
(IE ° 1.0mAdc,Vcb " 5.0 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(IE " 1.0 mAdc, VCB ° 5.0 Vdc f = 1.0 kHz) 


hjD 
25 


hrb 


32 
Ohms 


600 
X10-6 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc,f = 1.0 kHz) 
MPS929, MPS929A 
MPS930, MPS930A 


hfe 
60 
150 
350 
600 
Output Admittance 
(IE ° 1-0mAdc,Vcb " 5.0 Vdc 1=1,0 kHz) 
h0b 
1.0 
Mmho 


Noise Figure 
(lC = 10 MAdc. Vce = 5.0 Vdc. 
RS ° 10 kohms, f ° 10 Hz to 15.7 kHz) 
MPS929, MPS929A 
MPS930, MPS930A 


NF 


4.0 
3.0 


dB 


(1)PulseTest: PulseWidth <s 300ms.DutyCycle< 2.0%. 


TYPICAL CHARACTERISTICS 
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FIGURE 2 - 
"ON" VOLTAGES 
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FIGURE 3 - COLLECTOR SATURATION REGION 
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FIGURE 5 - 
CURRENT-GAIN -- BANDWIDTH PRODUCT 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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FIGURE 6 - 
CAPACITANCES 
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Vr. REVERSE VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS2222 MPS2222A 
Unit 
Collector-Emitter Voltage 
VceO 
30 
40 
Vdc 
Collector-Base Voltage 
VCBO 
60 
75 
Vdc 
Emitter-Base Voltage 
VebO 
5.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 
Total DeviceDissipation @ Ta = 25°C 
Derate above 25X 
PD 
625 
5.0 
mW 
mwrc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj, T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
•c/w 


ELECTRICAL CHARACTERISTICS (TA = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-EmitterBreakdown Voltage 
dC = 10 mAdc, Iq =• 0) 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, l£ = 0) 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc, lc = 0) 


Collector Cutoff Current 
(VCE = 60 Vdc,VEB(off) = 3.0 Vdc) 


Collector Cutoff Current 
(Vcb = 50 Vdc, IE = 0) 
(Vcb = 60 vdc, ie = o) 
(Vcb = 50 Vdc,Ie = 0, Ta = 125'C) 
(VCB ° 50 Vdc.Ie ° 0. TA = 12S°C) 


Emitter Cutoff Current 
(Veb = 3.0 vdc. ig = o) 


Base Cutoff Current 
(VCE = 60 Vdc VEB(off) = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
(lC = 1-0mAdc,Vce = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc, Ta = -55°C) 
dC = 150 mAdc, Vce = 10 Vdc)(1) 
dC = 150 mAdc, Vce = 10Vdc)(1) 
dC = 500 mAdc, Vce = 10 Vdc)(1) 


Collector-EmitterSaturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 


dC = 500 mAdc, Ib = 50 mAdc) 


•Also available as a PN2222.A. 


SMALL-SIGNAL DEVICES 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222A 


MPS2222 
MPS2222A 
MPS2222 
MPS2222A 


MPS2222A 


MPS2222A 


MPS2222A only 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 
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Symbol 


MPS2222 
MPS2222A* 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


MIn 
Max 
Unit 
| 


v(BR)CEO 
30 
40 


Vdc 


V(BR)CBO 


v(BR)EB0 


"CEX 


<CBO 


lEBO 


ibi 


hFE 


vCE(sat) 


60 
75 


5.0 
6.0 


35 
50 
75 
35 
100 
50 
30 
40 


10 


0.01 
0.01 
10 
10 


10 


20 


300 


0.4 
0.3 


1.6 
1.0 


Vdc 


Vdc 


nAdc 


MAdc 


nAdc 


nAdc 


Vdc 


MOTOROLA SEMICONDUCTORS 


MPS2222, MPS2222A 


ELECTRICAL CHARACTERISTICS (continued) (TA ° 2ST unless otherwise noted.) 


Characteristic 


Base-Emitter Saturation Voltaged) 
(lC = 150mAdc, Ib = 15 mAdc) 


dC = 500 mAdc,Ib = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(IC = 20mAdc, Vce = 20Vdc, f = 100 MHz) 


Output Capacitance 
(VCB = 10 Vdc Ie 
0,f = 1.0 MHz) 


Input Capacitance 
(Veb = °-5 vdc ic = o, f 
1.0 MHz) 


Input Impedance 
(lC = 10 mAdc, Vce = 10Vdc, f = 1.0kHz) 
dC ° 10 mAdc, VcE " 10 Vdc f = 1.0 kHz) 


Voltage Feedback Ratio 
dC = 1.0mAdc, Vce = 1° Vdc, f = 10 kHz) 
dC ° 10 mAdc,VCE = 10Vdc,f = 10 kHz) 
Small-Signal Current Gain 
dC = 1.0mAdc, Vce = 1° Vdc, f = 1.0kHz) 
(IC = 10mAdc, Vce = 1°Vdc. f = 10 kHz) 


Output Admittance 
(lC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 
(1C = 10mAdc, Vce = 1° Vdcf ° 1.0kHz) 


Collector Base Time Constant 
(tE •» 20mAdc. Vcb ° 20Vdc, f = 31.8 MHz) 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 
MPS2222A 


MPS2222A 


Noise Figure 
(lC = 100 MAdc. Vce 
10Vdc,Rs = 1.0kll, f ° 1.0kHz) 
MPS2222A 


SWITCHING CHARACTERISTICS 
MPS2222Aonly 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


(Vce = 30Vdc, VBE(off) " °-5Vdc, 
lC= 150mAdc, Ibi = 15mAdc) 
(Figure 1) 


(VCc = 30Vdc, lc = 160mAdc, 
'B1 = 'B2 = 15 mAdc) 
(Figure 2) 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle <s 2.0%. 
(2) fr isdefined as thefrequency atwhich |hfe| extrapolates to unity. 


Symbol 


VBE(sat) 


Cobo 


Cjbo 


hfe 


rb'C„ 


NF 


td 


MIn 


0.6 


250 
300 


2.0 
0.25 


50 
75 


5.0 
25 


4.0 


Max 
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1.2 
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FIGURE 2 - TURN-OFF TIME 
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FIGURE 3 - 
DC CURRENT GAIN 
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FIGURE 4- COLLECTOR SATURATION REGION 


1 
' 
J 
Tj •25°C 


o 
> 
u 
0.8 


a 
I 


-i 
o 
'(, • 1.0 mA 
K mA 
- _Ll50 nA 
oc 


§ 
04 


o 


, 


o 
\ 


o 
^s 
£ 
0 
0.005 
0.01 
0.02 
0.03 
0.05 
0.2 
0.3 
0.5 
1.0 


IB.BASE CURRENT (mA) 


FIGURE 5 - TURN-ON TIME 
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FIGURE 6 - 
TURN-OFF TIME 
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FIGURE 7 - 
FREQUENCY EFFECTS 


10 1^\ 
II!! 
[ffl 


8.0 
_llC= 1.0mA. Rs* 150H 
Ji 500 uK Rs• 200 !> 
i-100nA, Rs =2.0k!J 


|rS =OPTIMUM 
SOURCE 
RESISTANCE 


llll 
1 


0 
. . . 
" II 
0.01 002 
0.05 0.1 
0.2 
0.5 
1.0 
2.0 
5.0 
10 
20 
60 
10 


I. FREQUENCY (kHz) 


FIGURE 9 
- 
CAPACITANCES 


30 


20 


U- 
teb 


CJ 


e 
7-° 
| 
5.0 


,: 


3.0 


2.0 
0.1 
0 2 0.3 
0.5 
1.0 
2 0 3 0 
5.0 
10 
20 30 
50 


REVERSE VOLTAGE IVOLTS) 


FIGURE 11 
- 
"ON" VOLTAGES 


1.0 
Tj • 25°C 
4 


ue 


• 0 


0 6 
JLii^^ 
^=s=s=ss=^ 


:I0 I* 


u 


0 


V CEta il »ic/ie 
' 


— 
-~' 


1.1 
0.2 
0.5 
1.0 
2.0 
5.0 
10 
20 
50 
100 
200 
500 1.1 


IC,COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


FIGURE 8 - SOURCE RESISTANCE EFFECTS 
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FIGURE 10 - CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
15 
Vdc 
Collector-Emitter Voltage 
VceS 
40 
Vdc 
Collector-Base Voltage 
vCBO 
40 
Vdc 
Emitter-Base Voltage 
VEBO 
4.5 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
Total DeviceDissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mVWC 
Operating and Storage Junction 
Temperature Range 
tJ.Tstg 
-55 to +150 
°c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta = 26°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Symbol 


MPS2369 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
v(BR)CEO 
15 
- 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 10 uAdc, Vbe = o) 
V(BR)CES 
40 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 uAdc, l£ = 0) 
v(BR)CBO 
40 
- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 uAdc. lc = 0) 
v(BR)EBO 
4.5 
— 
- 
Vdc 


Collector Cutoff Current 
(vCb = 20 vdc. i£ = o) 
IVcb = 20 Vdc, l£ = 0. Ta = 125°C) 


•CBO 


- 
- 
0.4 
30 


uAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc,Vce = 1-0Vdc,Ta = -55°C) 
dC = 100 mAdc, Vce = 2.0Vdc) 


Collector-Emitter Saturation Voltaged) 
dc = W mAdc, Ig = 1.0 mAdc) 


Base-Emitter Saturation Voltaged) 
dc = 10 mAdc. Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb ° 5.Qvdc, ie ° o, f = i.o mhz) 


Small-Signal Current Gain 
dC ° 10 mAdc, Vce " 10 Vdc * = 100 MHz) 


SWITCHING CHARACTERISTICS 


hFE 


VCE(sat) 


vBE(sat) 


cobo 


40 
20 
20 


0.70 


5.0 


120 


0.25 
Vdc 


0.85 
Vdc 


4.0 
PF 


Storage Time 
l'B1 = 'B2 = >C = 1° mAdc) {Figure3) 
ts 
- 
5.0 
13 
ns 


Tum-On Time 
(Vce = 3.0 Vdc, lc = 10 mAdc,Ibi = 3.0 mAdc) 
(Figure 1) 
'on 
— 
8.0 
12 
ns 


Turn-Off Time 
(Vce = 3.0Vdc, lc = 10 mAdc,Ibi = 3.0 mAdc, 
lB2 = 1-5 mAdc) 
(Figure 2) 


toff 
10 
18 
ns 


SMALL-SIGNAL DEVICES 
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2-101 


MPS2369 


FIGURE 1 - ton CIRCUIT 
: cs*<40pf 


PULSEWIDTH (111-300"! 
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0. 
FIGURE 2 - toft CIRCUIT 
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FIGURE 3 - STORAGE TEST CIRCUIT 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 


Collector-Base Voltage 
VCBO 
18 
Vdc 
Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 
Total DeviceDissipation @ Ta = 25"C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
125 
"CAV 


Thermal Resistance, Junction to Ambient 
RfljAd) 
357 
TAV 
(1)RflJAis measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPS2714 


CASE 2902, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ie = 0) 
v(BR)CEO 
18 
- 
- 
V 


Collector Cutoff Current 
(Vcb = 18.0 Vdc, lE = 0) 
•CBO 
— 
— 
0.5 
uA 


Emitter Cutoff Current 
(Vbe = 5.o vdc, ic = o) 
<EBO 
— 
— 
0.5 
uA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 mAdc, Vce = 4.5 Vdc) 
hFE 
75 
- 
225 
- 


Collector-Emitter Saturation Voltage 
dc = 50 mAdc, Ib = 3.0 mAdc) 
VCE(sat) 
— 
— 
0.3 
Vdc 


Base-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 3.0 mAdc) 
VBE(sat) 
— 
— 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
- 
250 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
Cobo 
— 
2.5 
— 
PF 


Input Impedance 
dC = 0.5 mAdc, Vce = 1-0 Vdc, f = 1.0 kHz) 
nie 
— 
3000 
— 
ohms 


Small-Signal Current Gain 
dC = 2.0 mAdc, Vce = 4.5 Vdc, f = 1.0 kHz) 
hfe 
80 
— 
300 
- 


SWITCHING CHARACTERISTICS 


Delay Time 
dC = 10 mA, Ifli = 3.0 mA, Vce = 10 V) 
td 
7.0 
ns 
Rise Time 
tr 


— 
6.0 
_ 
ns 
Storage Time 
dC = 10 mA, Ibi = 3.0 mA, Iq2 = 1-0 mA, 
VCC = 10 V) 
ts 


— 
12 
ns 


Fall Time 
tf 
— 
9.0 
— 
ns 
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MPS2907 
MPS2907A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS2S07 MPS2907A 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
60 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Raic 
83.3 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
MPS2907 
MPS2907A 


v(BR)CEO 
40 
60 


- 


Vdc 


Collector-Base Breakdown Voltage 
(IC = 10 uAdc. Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10/iAdc. Ie = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 30 Vdc,VBEjoff) = 0.5 Vdc) 
'CEX 
— 
50 
nAdc 


Collector Cutoff Current 
(Vcb = 50 Vdc,Ie = 0) 
MPS2907 
MPS2907A 


(Vcb = 50 Vdc, Ie = O,Ta = 125°C) 
MPS2907 
MPS2907A 


>CBO 


- 


0.020 
0.010 


20 
10 


uAdc 


Base Current 
(Vce = 30 Vdc,VBE(off) = 0.5 Vdc) 
IB 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 0.1 mAdc, Vce = 10 Vdc) 
MPS2907 
MPS2907A 


dC = 1.0 mAdc,Vce = 10 Vdc) 
MPS2907 
MPS2907A 


dC = 10 mAdc,Vce = 10 Vdc) 
MPS2907 
MPS2907A 


dC = 150mAdc, Vce = 10VdcKD 
MPS2907, MPS2907A 


(lC= 500mAdc, Vce = 10VdcKD 
MPS2907 
MPS2907A 


"FE 
35 
75 


50 
100 


75 
100 


100 


30 
50 


300 


Collector-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VCE(sat) 


- 
0.4 
1.6 


Vdc 


Base-Emitter Saturation Voltaged) 
(lC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 


- 
1.3 
2.6 


Vdc 
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MPS2907, MPS2907A 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 


SMALL-SIGNAL CHARACTERISTICS 
Symbol 
MIn 
Max 
Unit 


Current-Gain — Bandwidth Product(1),(2) 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
- 
MHz 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = lo mhz) 
C0bo 
— 
8.0 
pF 


Input Capacitance 
(Vbe = 2.0 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
30 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vce = 30 Vdc, lc = 150 mAdc, 
IBI = 15 mAdc) 
(Figures 1 and 5) 


ton 


— 
45 
ns 
Delay Time 
td 


— 
10 
ns 


Rise Time 
tr 
— 
40 
ns 


Turn-Off Time 
(Vce = 6.0 Vdc, lc = 150 mAdc. 
IBI = >B2 = 15 mAdc) 
(Figure 2) 


toff 


— 
100 
ns 
Storage Time 
ts 


— 
80 
ns 


Fall Time 
tf 
— 
30 
ns 
(1) Pulse Test: Pulse Width =s 300 us. Duty Cycle * 2.0%. 
(2)ff is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 - 
DELAY AND RISE 
TIME TEST CIRCUIT 


INPUT 
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Zq = 50 n 
1 
PRF = 150PPS 
5 20 
RISE TIME < 2.0 ns 
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FIGURE 2 - 
STORAGE AND FALL 
TIME TEST CIRCUIT 
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Zo = 50n 
+15v 
-6.0 v 
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TYPICAL CHARACTERISTICS 


FIGURE 3 - DC CURRENT GAIN 
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MPS2907, MPS2907A 


FIGURE 4 - 
COLLECTOR SATURATION REGION 
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FIGURE 5 - 
TURN-ON TIME 
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FIGURE 8 - SOURCE RESISTANCE EFFECTS 
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FIGURE 9 - CAPACITANCES 
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FIGURE 11- "ON" VOLTAGE 
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FIGURE 10 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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MPS3390 
thru 
MPS3398 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VcBO 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
5 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
| 
XAV 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
25 
— 
V 


Collector Cutoff Current 
(Vcb = is vdc, Ie = o) 
ICBO 
— 
0.1 
uA 


Emitter Cutoff Current 
(Veb = 5.o vdc, ic = o) 
>EBO 
— 
0.1 
^A 


ON CHARACTERISTICS 


DC Current Gain 
"FE 


— 
(Vce = 4-5Vdc, lc = 2.0 mAdc) 
MPS3390 
400 
800 


MPS3391 
250 
500 
MPS3392 
150 
300 
MPS3393 
90 
180 
MPS3394 
55 
110 


MPS3395 
150 
500 
MPS3396 
90 
500 
MPS3397 
55 
500 
MPS3398 
55 
800 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = iov.'e = <U = i-omhz) 
Small-Signal Current Gain 
(Vce = 4-5V,lc = 2.0 mA,f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS 


MPS3390 
MPS3391 
MPS3392 
MPS3393 
MPS3394 
MPS3395 
MPS3396 
MPS3397 
MPS3398 


2-108 


Cobo 
10 


400 
1250 
250 
800 
150 
500 
90 
400 
55 
300 
150 
800 
90 
800 
55 
800 
55 
1250 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
25 
Vdc 
Collector-BaseVoltage 
VCBO 
25 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 
Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/T 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
°CAV 


Thermal Resistance, Junction to Ambient 
RftIA 
200 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25'C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS3391A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
25 
- 
Vdc 


Collector Cutoff Current 
(Vcb = 25 Vdc, l£ = 0) 
(Vcb = 25 vdc, iE = o, Ta = ioo°o 


'CBO 


- 
0.1 
10 


uAdc 


Emitter Cutoff Current 
(Veb = 5.0 Vdc, lC = 0) 
>EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 mAdc, Vce 
4.5 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


hFE 
250 
500 


i Output Capacitance 
(VCB = 10 Vdc, lE = 0, f = 1.0 MHz) 
CODo 
- 
10 
pF 


Current Gain — High Frequency 
i 
«c = 100 uAdc,Vce = 10 Vdc, f = 1.0 kHz) 
Ihfel 
170 
— 
— 


Noise Figure 
dC = 100uAdc, Vce = 4.5 Vdc, R„ = 5.0 kohms,f = 10 Hz to 15.7kHz) 
NF 
— 
5.0 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-109 


MPS3402 
MPS3403 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
'C 
500 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
XAV 


Refer to MPS8038 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
3 
Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mA) 
V(BR)CEO 
25 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC = 100 nA) 
V(BR)CBO 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 mA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 18 V) 
(Vcb = 18V, Ta = 100"C) 


>CBO 


- 
100 
15 
nA 
/iA 


Emitter Cutoff Current 
(Vbe = 5.0 V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 2.0mA,Vce = 4.5V) 
MPS3402 
dC = 2.0mA,VCe = 4.5V) 
MPS3403 


hFE 
75 
180 
225 
540 


~- 


Collector-Emitter Saturation Voltage 
dC = 50 mA, Ib = 3.0 mA) 
vCE(sat) 
— 
0.3 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 50 mA, Ib = 3.0 mA) 
VBE(sat) 
0.6 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(lC = 2.0 mA, VCe = 4.5 V, f = 1.0 kHz) 
«C = 2.0 mA. Vce = 4.5 V, f = 1.0 kHz) 


hfe 
75 
180 


- 
" | 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-110 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
50 
Vdc 


Collector-Base Voltage 
VcbO 
50 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
'C 
500 
mA 


Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS3404 
MPS3405 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


NPN SILICON 


Refer to MPS8038 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA) 
V(BR)CEO 
50 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 fiA) 
v(BR)CBO 
50 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ijA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 18 V) 
(vCb = 18V,TA = ioo°o 


ICBO 


- 
100 
15 
nA 


Emitter Cutoff Current 
(VBe = 5.0 V) 
'EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 mA, Vce = 4.5 V) 
MPS3404 
«C = 2.0 mA, Vce = 4.5 V) 
MPS3405 


hpE 
75 
180 
225 
540 


— 


Collector-Emitter Saturation Voltage 
(lC = 50 mA, Ib = 3.0 mA) 
VCE(sat) 
— 
0.3 
Vdc 


Base-Emitter Saturation Voltage 
dC = 50 mA, Ib = 3.0 mA) 
VBE(sat) 
0.6 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
«C = 2.0 mA, VCe = 4.5 V, f = 1.0 kHz) 
(lC = 2.0 mA, Vce = 4.5 V, f = 1.0 kHz) 


MPS3563 
For Specifications, See MPS918 


SMALL-SIGNAL DEVICES 


MPS3404 
MPS3405 


2-111 


hfe 
75 
100 


MOTOROLA SEMICONDUCTORS 


MPS3565 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN StUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VcbO 
30 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Power Dissipation @ Ta = 60°C 
pd 
450 
mW 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
"CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°Cunless otherwise noted.) 
Unit 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(lC = 100 aiA) 
V(BR)CBO 
30 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
(lc = 2.0 mA) 
V(BR)CEO(sus) 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 ,xA) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCB = 25 V) 
(VCB = 25 V, TA = 65«C) 


ICBO 
50 
3.0 
nAdc 
1* 


ON CHARACTERISTICS 


DC Current Gain 
dc = ioo uA,Vce = iov) 
dc = 1.0 mA,vce = n>v> 


hFE 
70 
150 
600 


•" 


Collector-Emitter Saturation Voltage 
(lC = 1.0 mA, Ib = 0.1 mA) 
VCE(sat) 
— 
0.35 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB - IQV.f = 1.0 MHz) 


Small-Signal Current Gain 
(lC = 1.0mA,Vce = 5.0V,f = 20 MHz) 
(lC= 10 mA,Vce " 5.0V,f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS 


C0bo 


2-112 


2.0 
120 


4.0 


12 
750 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VcEO 
30 
Vdc 
Collector-Base Voltage 
VcBO 
40 
Vdc 
Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
'C 
200 
mAdc 
Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 
Total Power Dissipation @ Ta = 60°C 
pd 
450 
mW 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. TStg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unlessotherwise noted.) 


Characteristic 
Symbol 


MPS3566 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N4400 for graphs. 


Min 
Max 
Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 30 mA) 
v(BR)CEO(sus) 
30 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 uA) 
v(BR)CBO 
40 
- 
Vdc 


Emitter-Base Breakdown Voltage 
We = 10 uA) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCB = 20 V) 
(VCB = 20 V,TA = 75°C) 


ICBO 


- 
50 
5.0 
nA 
uA 
Emitter Cutoff Current 
(VBe = 5.0 V) 
>EBO 
- 
10 
uA 


ON CHARACTERISTICS 


DC Current Gain 
We = 10 mA, VCe = 10 V) 
dc = 2.0 mA, VCe = 10 V) 


hFE 
150 
80 
600 


- 


Collector-Emitter Saturation Voltage 
(lC = 100 mA, lB = 10 mA) 
vCE(sat) 
— 
1.0 
Vdc 


Base-Emitter On Voltaged) 
dc = loomA, vCe = lovi 
vBE(on) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 V, f = 1.0 MHz) 


Small-Signal Current Gain 
dC = 30 mA, Vce = 10 V, f 
20 MHz) 


(1) Pulse Test: Pulse Width * 300 us. Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 


2-113 


CODo 
25 
PF 


hfe 
2.0 
35 


MOTOROLA SEMICONDUCTORS 


MPS3567 
MPS3568 
MPS3569 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS3567 
MPS356S 
MPS3568 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
60 
Vdc 


Collector-Base Voltage 
VCBO 
80 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
600 
mAdc 


Total Device Dissipation @ Ta - 25"C 
Derate above 25°C 
PD 
625 


5 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°CAV 


Refer to 2N4400 for graphs for MPS3567,3S69.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
Unit 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


ON CHARACTERISTICS!!) 


Collector-Emitter Sustaining Voltaged) 
dC = 30 mAdc, Ib = 0) 
MPS3567, MPS3569 
MPS3568 


VCEO(sus) 
40 
60 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ie = 0) 
V(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCB = 40 Vdc, Ie = 0) 
(vCb = 40 vdc, Ie = o, ta = 75°o 


ICBO 


- 
50 
5.0 
nAdc 
uAdc 


Emitter Cutoff Current 
(Veb = 4.o vdc, ic = o) 
<EBO 
— 
25 
nAdc 


DC Current Gain 
dC = 30mAdc, Vce = 1-0 Vdc) 
MPS3567, MPS3568 
MPS3569 


(lC = 150mAdc, Vce = 1° Vdc) 
MPS3567, MPS3568 
MPS3569 


hFE 
40 
100 


40 
100 
120 
300 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
1.1 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product!1) 
(lC =• 50 mAdc, Vce = 10Vdc.f = 20 MHz) 


Output Capacitance 
(VCB = 10V.f ° 1.0 MHz) 


Input Capacitance 
(Veb = Q-5vdc ic = o. f 
1.0 MHz) 


•Refer to MPS8098 for graphs for MPS3568. 
(1) Pulse Test: Pulse Width * 300 us, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 


2-114 


60 
MHz 


cobo 
20 


Cibo 
80 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
25 
Vdc 
Collector-Emitter Voltage 
VCES 
25 
Vdc 
Collector-Base Voltage 
Vcbo 
25 
Vdc 
Emitter-Base Voltage 
Vebo 
40 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 
Total Device Dissipation@ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/T 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj, Ts,g 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
"CAN 


Thermal Resistance, Junction to Ambient 
RojAd) 
200 
'CAN 
(1)RflJA 's measured with the device soldered into a typical printed circuitboard. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS3638 
MPS3638A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dc = ioo uAdc, vBe = o) 
V(BR)CES 
25 
- 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dC = 10 mAdc, Ib = 0) 
VCEO(sus) 
25 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ig = 0) 
v(BR)CBO 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(vCe - is vdc, Vbe = o) 
(Vce = is vdc, vBE = o, ta = -6soc) 


Ices 


- 
0.035 
2.0 


uAdc 


Emitter Cutoff Current 
(vEb = 30 v, ic = o) 
>EBO 
— 
35 
nA 


Base Current 
(vCe = 15 vdc, vBE = o) 
IB 
— 
0.035 
uAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 1.0 mAdc, Vce " 10 Vdc) 
MPS3638A 


dC =• 10 mAdc, Vce = 10 Vdc) 
MPS3638 
MPS3638A 


dC = 50 mAdc, Vce = 1-0Vdc) 
MPS3638 
MPS3638A 


dC = 300 mAdc, Vce =* 20 Vdc) 
MPS3638 
MPS3638A 


hFE 
80 


20 
100 


30 
100 


20 
20 


- 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib - 2.5 mAdc) 
dC - 300 mAdc, Ib - 30 mAdc) 


vCE(sat) 


- 
0.25 
1.0 


Vdc 


Base-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 2.5 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 


VBE(sat) 


0.80 
1.1 
2.0 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-115 


MPS3638, MPS3638A 


ELECTRICAL CHARACTERISTICS (continued) (TA 
25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
| 
Unit 
| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 3.0Vdc,lc = 50 mAdc, f = 100MHz) 
MPS3638 
MPS3638A 


fT 
100 
150 


- 


MHz 


Output Capacitance 
(Vcb = 10 vdc, ie = o, f = 1.0 mhz) 
MPS3638 
MPS3638A 


C0bo 


- 
20 
10 


PF 


Input Capacitance 
(Vbe = 0.5 Vdc,lc = 0, f = 1.0 MHz) 
MPS3638 
MPS3638A 


Cibo 


- 
65 
25 


PF 


Input Impedance 
(IC = 10 mAdc,Vce = 1° Vdc, f = 1.0 kHz) 
hie 
— 
2000 
Ohms 


Voltage Feedback Ratio 
(IC = 10 mAdc, Vce = 10Vdc,f = 1.0 kHz) 
MPS3638 
MPS3638A 


hre 


- 
26 
15 


X10-4 


Small-Signal Current Gain 
(IC = 10 mAdc,Vce = 10 Vdc,f = 1.0 kHz) 
MPS3638 
MPS3638A 


hfe 
25 
100 


- 


Output Admittance 
dC = 10 mAdc. Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
— 
1.2 
mmhos 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vce = 1° Vdc, lc = 300 mAdc, 
iBi - 30 mAdc) 
td 


— 
20 
ns 


Rise Time 
tr 
- 
70 
ns 


Storage Time 
(Vce = 10 Vdc, lc = 300 mAdc, 
<Bi = 30 mAdc, Ib2 - 30 mAdc) 
ts 
— 
140 
ns 


Fall Time 
tf 
- 
70 
ns 


Turn-On Time 
(lC - 300 mAdc, Ibi = 30 mAdc) 
ton 
— 
75 
ns 


Turn-Off Time 
dC = 300 mAdc, Ibi = 30 mAdc, Ib2 ° 30 mAdc) 
toff 
— 
170 
ns 


(1) Pulse Test: Pulse Width * 300 us, Duty Cycle =s2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
VCBO 
12 
Vdc 


Emitter-Base Voltage 
vEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
80 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mwrc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rejc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


MPS3640 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 
| 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
( 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc - 100 uAdc, Vbe ~ 0) 
V(BR)CES 
12 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dc = 10 mAdc, Ib = 0) 
VCEO(sus) 
12 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 
100 uAdc, Ie = 0) 
v(BR)CBO 
12 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 uAdc, lc - 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 6.0 Vdc, Vbe = °> 
(Vce = 6.o vdc, Vbe = o, Ta = 65°o 
Ices 
0.01 
1.0 
uAdc 


Base Current 
(Vce = 6.0 Vdc, Vbe = °) 
IB 
— 
10 
nAdc 


ON CHARACTERISTICSd) 


DCCurrent Gain 
dc = 10 mAdc, Vce = 0.3 Vdc) 
dC = 50 mAdc, Vce = 1° Vdc) 
hFE 
30 
20 
120 
— 


Collector-Emitter Saturation Voltage 
dc - 10 mAdc, Ib = 1-0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc, Ta = 65X) 


VCE(sat) 
~~ 
0.2 
0.6 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
(lc = 10 mAdc, Ib = 0.5 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.75 
0.8 
0.95 
1.0 
1.5 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
500 
— 
MHz 


Output Capacitance 
(Vcb = - 5.0 Vdc, Ig = 0, f = 1.0 MHz) 
Cobo 
— 
3.5 
pF 
Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cjbo 


— 
3.5 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vce = 6.0 Vdc,lc =• 50 mAdc,VBE(off) = 1-9Vdc, 
IBI - 
5.0 mAdc) 
td 


— 
10 
ns 


Rise Time 
tr 


— 
30 
ns 


Storage Time 
(Vce = 6.0 Vdc, lc = 50 mAdc, Ifl! = 'B2 = 5.0 mAdc) 
ts 


— 
20 
ns 


Fall Time 
tf 
— 
12 
ns 


Turn-On Time 
(Vce = 6.0 Vdc,lc = 50 mAdc, VsE(off) = 1-9Vdc. >B1 = 5.0 mAdc) 
(Vce = 1-5 Vdc, lc = 10 mAdc, Ibi = 0.5 mAdc) 


ton 


- 
25 
60 


ns 


Turn-Off Time 
(Vce = 6.0 Vdc,lc 
=• 50 mAdc, Vbe(off) = 19 V, Ibi = Ifi2 = 5.0 mAdc) 
(VCC = 1-5 Vdc, lc = 10 mAdc, Ibi = Ifl2 = °-5 mAdc) 


toff 


- 
35 
75 


ns 


(1) Pulse Test: Pulse Width « 300 us. Duty Cycle <s2.0%. 
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MPS3640 
RGURE1 
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FIGURE 5 -COLLECTOR SATURATION REGION 
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FIGURE 7 - 
CURRENT-GAIN-BANDWIDTH PRODUCT 
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MOTOROLA SEMICONDUCTORS 


XL 


FIGURE 2 


vbb- -6.0 V 
VCC" 1.5 V 


>130 
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TO SAMPLING SCOPE 
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RistTimtS 1.0 ns 


PULSE SOURCE 
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FIGURE 4 - "ON" VOLTAGES 
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FIGURE 6 - 
TEMPERATURE COEFFICIENTS 
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FIGURE 8 - CAPACITANCE 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
MPS3644 
MPS3645 
VcEO 
45 
60 
Vdc 


Collector-Base Voltage 
MPS3644 
MPS3645 
VcbO 
45 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 
Total Device Dissipation @ T/\ = 25°C 
Derate above 25"C 
PD 
.625 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


ELECTRICAL CHARACTERISTICS (Ta = 25X unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


MPS3644 
MPS3645 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Min 
Max 
Unit 
| 


Collector-Emitter Sustaining Voltaged) 
dc = 10 mA) 
MPS3644 
vCEO(sus) 
45 
Vdc 
MPS3645 
60 
— 
Collector-Base Breakdown Voltage 
dc = 100 uA) 
MPS3644 
v(BR)CBO 
45 
— 
Vdc 
MPS3645 
60 
— 
Emitter-Base Breakdown Voltage 
(Ig = 10 uA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
>CES 
(VCe = 30 Vdc) 
MPS3644 
35 
nA 
(vCe = so vdc) 
MPS3645 
35 
(VCe = 30 Vdc, @ Ta = 65°C) 
MPS3644 
— 
2.0 
M 
(Vce = 50 vdc, @ ta = 65°o 
MPS3645 
— 
2.0 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 100 uA. Vce = 10 Vdc) 
(lC = 1.0 mA, Vce = 10 Vdc) 
dc = 10 mA, Vce = 10 VdcKD 
dC = 50 mA, Vce = 10 VdcKD 
dC = 150 mA, Vce = 10 VdcKD 
dC = 300 mA, VCe = 2.0 VdcKD 


hFE 
40 
80 
100 
115 
100 
20 


300 
300 


Collector-EmitterSaturation Voltage 
(lc = 50 mA, Ib = 2.5 mA)(1) 
dC = 150 mA, Ib = 15mA)(1) 
dc = 300 mA, Ib = 30mA)(1) 


VCE(sat) 
— 
0.25 
0.4 
1.0 


Vdc 


Base-Emitter Saturation Voltage dc = 50 mA,Ib = 2.5 mA)(D 
dC = 150 mA, lB = 15 mA)(1) 
(lC = 300 mA, lB = 30mA)(1) 


vBE(sat) 
—~ 
1.0 
1.3 
2.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb - 10 Vdc) 
cobo 


— 
8.0 
PF 
Input Capacitance 
(Veb = 0.5 Vdc) 
Cibo 


— 
25 
PF 
Input Impedance 
dc = 10 mA, Vce = 10 Vdc, f = 1.0 kHz) 
"ie 


— 
2000 
n 
Voltage Feedback Ratio 
dc = 10 mA, Vce = 10 Vdc, f = 1.0 kHz) 
"re 


— 
1500 
-6X10 
Small-SignalCurrent Gain dc = 20 mA,Vce = 20 Vdc,f = 100 MHz) 
dC = 10 mA, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
2.0 
100 


— 
- 


Output Admittance 
dc = 10 mA, Vce = 10 Vdc,f = 1.0 kHz) 
hoe 
- 
1200 
/imhos 
SWITCHING CHARACTERISTICS (RGURE 1) 


Turn-On Time 
dc = 300 mA, Ibi ° 30 mA) 
kin 
40 
Turn-OffTime 
dc = 300 mA, Ibi = lB2 = 30 mA) 
'off 
100 
(1) Pulse Width = 300 usee. Duty Cycle = 1.0%. 
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MPS3646 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Emitter Voltage 
VcES 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
—10 /is Pulse 
"C 
300 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rejc 
83.3 
-CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


Refer to 2N4264 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-EmitterBreakdown Voltage 
dc = 100 peAdc, Vbe = °) 
V(BR)CES 
40 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dc = 10 mAdc, Ib = 0) 
VCEO(sus) 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10° pAdc, Ie •= 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 Vdc, Vbe = 0) 
(Vce = 20 vdc, Vbe = o, ta = 65'C) 
ices 
— 
0.5 
3.0 
juAdc 


ON CHARACTERISTICSd) 


DCCurrent Gain 
dc = 30 mAdc, Vce = 0.4 Vdc) 
(lC = 100 mAdc, Vce = 0.5 Vdc) 
(lC = 300 mA, Vce = 1° Vdc) 


hFE 
30 
25 
15 


120 


" 
Collector-EmitterSaturation Voltage 
dc = 30 mAdc, Ib = 3.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
dC = 30 mA,Ib = 3.0 mA,Ta = 65'C) 


VCE(sat) 


- 


0.2 
0.28 
0.5 
0.3 


Vdc 


Base-Emitter Saturation Voltage dc = 30 mAdc, Ib = 3.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 
dC = 300 mAdc, Ib = 30 mA) 


VBE(sat) 
0.73 
0.S5 
1.2 
1.7 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC " 30 mAdc, Vce " 10 Vdc. f = 100MHz) 


Output Capacitance 
(VCB ° 5.0 Vdc, Ie = 0, f 
1.0 MHz) 


Input Capacitance 
(Vbe =• os vdc, ic = o. f = io mhz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Delay Time 


Rise Time 


(VCC = 10 Vdc,VBE(off) = 3.0 Vdc,lC 
iBi =• 30 mAdc) (Figure 1) 
300 mAdc, 


Turn-Off Time 
(VCc = 10 Vdc, Ie 
(Figure 1) 
300 mAdc, Ibi = <B2 = 3° mAdc) 


Fall Time 


Storage Time 
(VCC ° 10 Vdc, lc 
10 mAdc, Ibi = »B2 = 10 mAdc) 
(Rgure2) 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle <s 2.0%. 
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350 
MHz 


C0bo 
5.0 
pF 


Cibo 
pF 


ton 
18 


10 


15 


<off 
28 


15 


SMALL-SIGNAL DEVICES 


MPS3646 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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tr,tf <1.0 ns 
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SMALL-SIGNAL DEVICES 


tr< 1.0 ns 
Pulse Width - 300 ns "±" 
Duty Cycle • 2.0% 
Zin - so n 


2-121 


FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 


+11 V 
+10 V 


MOTOROLA SEMICONDUCTORS 


MPS3702 
MPS3703 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPUFIER TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS3702 MPS3703 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
30 
Vdc 


Collector-Base Voltage 
VCBO 
40 
50 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
0.2 
°CAV 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
[ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(IC = 100 /lAdc,Ie = 0) 


Emitter-Base Breakdown Voltage 
(lE = 100 iiAdc. lc ° 0) 


Collector Cutoff Current 
(Vcb ° 20 vdc Ie = Q) 


Emitter Cutoff Current 
(vBe ° 3.o Vdc,ic = Q) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(lC = 50 mAdc, Vce = 5.0Vdc) 


Collector-Emitter Saturation Voltaged) 
(lC = 50mAdc, Ib = 5.0mAdc) 


Base-Emitter On Voltaged) 
(lC = 50 mAdc,VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50mAdc, Vce " 50 Vdcf = 20MHz) 


Output Capacitance 
(VCB ° 10 Vdc. f = 10 MHz) 
(1)Pulse Test: Pulse Width = 300 us. DutyCycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 


MPS3702 
MPS3703 


MPS3702 
MPS3703 


MPS3702 
MPS3703 


2-122 


V(BR)CEO 


V(BR)CB0 


V(BR)EBO 


ICBO 


lEBO 


hFE 


VCE(sat) 


VBE(on) 


Cobo 


25 
30 


40 
50 


5.0 


60 
30 


0.6 


100 


100 


300 
150 


0.25 


1.0 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS3704MPS3706 
MPS3705 
Unit 
Collector-Emitter Voltage 
VCEO 
30 
20 
Vdc 
Collector-Base Voltage 
VCBO 
50 
40 
Vdc 
Emitter-Base Voltage 
VEBO 
5 
Vdc 
Collector Current — Continuous 
ic 
600 
mAdc 
TotalDevice Dissipation @ T/\ = 25°C 
Derate above 25°C 
Pd 
625 
5.0 
mW 
mW/T 
Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Ambient 
RflJA 
0.2 


ELECTRICAL CHARACTERISTICS (Ta ° 25"C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-EmitterBreakdown Voltaged) 
dC = 10 mAdc, Ig = 0) 


Collector-BaseBreakdown Voltage 
dC = 100 uAdc.IE = 0) 


Emitter-Base Breakdown Voltage 
dE =» 100pAdc, lc " 0) 


Collector Cutoff Current 
(VCB " 20 Vdc, lE ° 0) 


Emitter Cutoff Current 
(VBE ° 3.0 Vdc, lc = 0) 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 50 mAdc, Vce = 2.0 Vdc) 


Collector-EmitterSaturation Voltage(l) 
dC = 100 mAdc, Ib = 5.0 mAdc) 


Base-Emitter On Voltaged) 
»C = 100mAdc.Vce = 2.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc ° 50 mAdc, VCe = 2.0 Vdc.f = 20 MHz) 


Output Capacitance 
(VCB ° 10 Vdc, Ie = 0, f ° 1.0 MHz) 
(1)PulseTest: PulseWidth = 300 us. DutyCycle = 2.0%. 


SMALL-SIGNAL DEVICES 


MPS3704 
MPS3705 
MPS3706 


MPS3704 
MPS3705 
MPS3706 


MPS3704 
MPS3705 
MPS3706 


MPS3704 
MPS3705 
MPS3706 


2-123 


•CAV 


MPS3704 
thru 
MPS3706 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Symbol 


v(BR)CEO 


v(BR)CBO 


V(BR)EBO 


'CBO 


>EBO 


hFE 


VcE(sat) 


vBE(on) 


Cobo 


Refer to 2N4400 for graphs. 


Min 


30 
30 
20 


50 
50 
40 


5.0 


100 
50 
30 


0.5 


100 


Max 


100 


100 


300 
150 
600 


0.6 
0.8 
1.0 


1.0 


12 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


MOTOROLA SEMICONDUCTORS 


MPS3707 
MPS3710 
MPS3711 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current 
"C 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
I 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
"CAN 
j 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1-0 mAdc, Ib = 0) 


Collector Cutoff Current 
(Vcb = 20 vdc, Ie ° Q) 


Emitter Cutoff Current 
(VBe = 60 Vdc. lC = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100uAdc. Vce = 5.0Vdc) 
(IC = 1.0mAdc, Vce = 5-0Vdc) 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ifl = 0-5mAdc) 


Base-Emitter On Voltage 
dC ° 1.0mAdc, Vce ° 5.0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
(lC = 100 /iAdc, Vce = 5-°Vdc, f = 1.0KHz) 
(IC = 1.0 mAdc, Vce = 50 Vdc, f = 1.0 KHz) 


Noise Figure(l) 
(Vce = 5.o v, ic = loo mA) 
(Rq = 5.0Kn, NoiseBandwidth = 15.7KHz) 


MPS3707 
MPS3710 
MPS3711 


MPS3707 
MPS3710 
MPS3711 


MPS3707 


V(BR)CEO 


ICBO 


>EBO 


hFE 


VCE(sat) 


VBE(on) 


hfe 


NF 


(1) Average Noise Figure ismeasured in an amplifier with low frequency response down 3dB at10 c/s. 
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30 


100 


SO 
180 


0.5 


100 
90 
180 


100 


100 


400 
330 
660 


1.0 


1.0 


550 
450 
800 


5.0 


nA 


nA 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 
Collector-Base Voltage 
VCBO 
55 
Vdc 


Emitter-Base Voltage 
VEBO 
3.5 
Vdc 


Collector Current — Continuous 
'C 
0.4 
Adc 
Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS3866 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, Rbe = 10 Q) 
VcER(sus) 
55 
- 
Vdc 


Collector-Emitter Sustaining Voltage 
dC = 5.0 mAdc, Ib = 0) 
VCEO(sus) 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc. lc = 0) 
V(BR)EBO 
55 
— 
Vdc 


Collector Cutoff Current 
(vCe = 28 vdc, iB = o) 
'CEO 
3.5 
0.02 
mAdc 


Collector Cutoff Current 
(Vce = 30 Vdc, VBe = -15 Vdc (Rev.),Tc = 150°C) 
(Vce = 55 Vdc, VBe = -1-5 Vdc (Rev.) 


•CEX 


- 
5.0 
0.1 


mAdc 


Emitter Cutoff Current 
(VBe = 3.5 Vdc, lc = 0) 
•ebo 
— 
0.1 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 360 mAdc, Vce = 5.0 Vdc)(1) 
dC = 50 mAdc, Vce = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC ° 100 mAdc, Ib = 20 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


hFE 


VCE(sat) 


5.0 
10 
200 


1.0 
Vdc 


Current-Gain — Bandwidth Product 
OC = 50 mAdc, Vce = 15 Vdc, f = 200 MHz) 
fT 
500 
- 
MHz 


Output Capacitance 
(vCb = 28 vdc, i£ = o, f = i.o mhz) 
Cobo 
— 
3.0 
PF 


FUNCTIONAL TEST 
1 Amplifier PowerGain 
(Vce = 28 Vdc, Polit = 1.0 W, f = 400 MHz) 
Gpe 
10 
- 
dB 


I Collector Efficiency 
| 
(Vce = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 
n 
45 
— 
% 


(1) Pulse Test: Pulse Width =s300 us, Duty Cycle s 2.0% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPS3866 


RF Vt<=r 
Inputs / 
\mJ 


CI: 3.0 35 pF 
C2. C5: 8.0 60 pF 
C3: 12pF 
C4: 1000 pF 
C6: 0.9-7.0 pF 
Ll: Two turns #18 Wire. 
1/4-ID. 1/8" long 
L2: 
FERRITE RF Choke. 
One Turn, z = 450 Ohms 
L3. L4: RF Choke. 0.1 uH 
L5: 2-3/4 Turns. #18 Wire. 
1/4-ID, 3/16" long 
R1: 5.6 Ohms 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


1—< 
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V^ 
N inputs 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
'C 
200 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25X 
PD 
625 
5.0 
mW 
mW/T 
Total Power Dissipation @ Ta = 60°C 
pd 
450 
mW 
Total Device Dissipation @ Tc = 25°C 
Derate above 25"C 
Pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Ts,g 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 
1 
Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
"CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS3903 
MPS3904 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 jiAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 uAdc. lc = 0) 
v(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCE = 30 Vdc, VEB(off) = 3.0 Vdc) 
'CEX 
— 
50 
nAdc 


Base Cutoff Current 
(VCe = 30 Vdc, VEB(off) = 3.0 Vdc) 
•bl 
— 
50 
nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
MPS3903 
MPS3904 


dC = 1.0 mAdc, Vce = 1-0Vdc) 
MPS3903 
MPS3904 


(lC = 10 mAdc, Vce = 1.0 Vdc) 
MPS3903 
MPS3804 


(lC = 50 mAdc, VcE = 1.0Vdc) 
MPS3903 
MPS3904 


lC = 100 mAdc, Vce = 1-0Vdc) 
MPS3903 
MPS3904 


hFE 
20 
40 


35 
70 


50 
100 


30 
60 


15 
30 


150 
300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ifl = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.2 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dc = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.65 
0.85 
1.0 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPS3903, MPS3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25eCunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VCE = 20Vdc, f = 100MHz) 
MPS3903 
MPS3904 


fT 
150 
200 


- 


MHz 


Output Capacitance 
(Vcb = 5.0Vdc,l£ = 0, f = 100kHz) 
C0bo 
— 
4.0 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc,lc = 0, f = 100 kHz) 
Cibo 
— 
8.0 
pF 


Input Impedance 
dC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 
MPS3903 
MPS3904 


hie 
0.5 
1.0 
8.0 
10 


kn 


Voltage Feedback Ratio 
dC = 1.0mAdc, Vce = 1° Vdc, f = 1.0kHz) 
MPS3903 
MPS3904 


hre 
0.1 
0.5 
5.0 
8.0 


X10-4 


Small-Signal Current Gain 
dC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 
MPS3903 
MPS3S04 


hfe 
50 
100 
200 
400 


Output Admittance 
(IC = 1.0mAdc, Vce = 10Vdc,f = 1.0 kHz) 
hoe 
1.0 
40 
/xmhos 


Noise Figure 
dC = 100uAdc. Vce = 5.0Vdc, Rs = 1.0kn, 
MPS3903 
f = 10 Hzto 15.7 kHz) 
MPS3904 


NF 


' 
- 


6.0 
5.0 


dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCc = 3.0 Vdc,VBE(off) = 0.5 Vdc, 
lC = 10 mAdc, Ibi = 1.0 mAdc) 
td 
— 
35 
ns 


Rise Time 
tr 
- 
50 
ns 


Storage Time 
(VCC = 3.0 Vdc, lc = 10 mAdc, 
•B1 
= >B2 = 1-0 mAdc) 


MPS3903 
MPS3904 
ts 
800 
900 


ns 


Fall Time 
tf 
— 
90 
ns 


(1) Pulse Test: Pulse Width « 300 us. Duty Cycle * 2.0%. 


300 ns 
Duty Cycle • 2% 


EQUIVALENT SWITCHING TIME TEST CIRCUITS 


FIGURE 1 - TURNON TIME 
FIGURE 2 - TURN-OFF TIME 


-0.5 V—' 
T 
<1.0 ns-J k- 
! C, <4.0pF- 


10<t, <500>js -H 
X| k- 
+109 v 
Duty Cycle » 2% 'x 


—^ f- <1.0 ns 
Total ♦hunt capocitanco of teit jig and connector* 


C$ <4.0pF' 


MOTOROLA SEMICONDUCTORS 
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MPS3903, MPS3904 


'0 
20 
50 
100 
200 
500 
1.0k 
2.0k 
5.0k 
I. FREQUENCY (Hz) 


TYPICAL NOISE CHARACTERISTICS 
(Vce =5.0 Vdc, Ta =25°C) 


FIGURE 3 - 
NOISE VOLTAGE 
FIGURE 4 - 
NOISE CURRENT 


200 
500 
1.0 k 
2.0 k 
I. FREQUENCY (Hi) 


NOISE FIGURE CONTOURS 
(VcE =5.0 Vdc, Ta =25°C) 


FIGURE S - NARROW BAND, 100 Hz 
FIGURE 6 - NARROW BAND, 1.0 kHz 
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200 
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lC. COLLECTOR CURRENT |„AI 


FIGURE 7 - 
WIOEBAND 


20 
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50 
70 
100 
200 
300 
lC. COLLECTOR CURRENTluAI 
500 
700 
1.0 k 


30 
50 
70 
100 
200 
300 
500 700 
1.0k 
lC. COLLECTOR CURRENT(MA) 


Noise Figure is Defined as: 


\ 
4KTRc 
/ 
NF =20I 
4KTRS 
en • Noise Voltage of the Transistorreferredto the input. (Figure 31 
ln =Noise Current of the transistor referred to the input(Figure 4) 
K 
=• Boitzman'sConstant (1.38 x 10-23 j/oK) 


T 
« Temperature of the Source Resistance (°K) 
Rs = Source Resistance (Ohms) 


5.0 k 
10 k 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-129 


o 
33 
O 


C/) 


O 
O 
z 
o 
c 


o 
33 
cn 


V, VOLTAGE(VOLTS) 


_,€=> 
iM 
•». 
b» 
CD 
O 
K> 
— 
ll 
1 
-* 


m 
mil 
o 
to 


"E~ 
a'L 
o 
o 
o. C 


a 
r>~ 
-"::|:==;r:| — 


1.0V_ 


•10— 
.02 
COLLEC 


s 


n 
j 
U 
3 
ss-f 
l-T™"t~~ 
°± 
J5 


-—-_*-==H 


UV, TEMPERATURE COEFFICIENTS (mV/°CI 


II 


—T1 


—T 


c 
< 
> 


— 


S 


r> . 
£• 
a: 


cf 


< 
< 


fn 
b> 
t 


o 


3° 


o 
c 


—ro 


z 


o 
3 
° 
> 


3 


cn 


o 
S 


o 
o 


o 
a 
cn 
r»- 
tn 
«sl\ *fi 
o 
l'i 
' 
o 


. 


o 


g 


VcE. COLLECTOflEMITTER VOLTAGE (VOLTS) 


as 


o" 


_, 


o 
3 
> 


3 — 
d 
- 
> 


- 


S- 


> 


s 
a= 
3- 


a— 


1 


_ 
ic COLLECTOR CURRENT (mA 
s 


<n 


> V^^ 0 


< 
\\ 
I 
N»fa> 
r> 


o 


r- 


o 


z 


I \ \\ 


S 
[ 
l ^ CD 


SO 


< 
ii 
If 
\ 
f 


_\*4-TL — 


> 
IS 
\ 


-1 
t 
\)[ 


#» 
I \ \ \ \ 


-S 
s 


hFE. OC CURRENT GAIN 


S 
S 
8 
i 
8 
jr 
\» 
I 
$ 
\\ 
§ 
_t L 
V 
£"E£: 
o 
— 
2 I- 
A 
t 
\ 


s 
V 
o 
V 
Li 
s nr 
\l 
v 
o 
\t~ 
l\ 
\« 
S 
"V 
V 
^ 


p 
JL 
V 
S 
X- 
v*— 
• 
° —HlTl 
AM 
\i 
\\ 
A 
* 


¥* 


\ 
\\ 
\\ 


** 
i' 
V 


a 
V 
! \ 


r- 
I 
\ 


o 
cn 
,1 
JZ 
o 
o 
~\l 
\i 
•B _, •-- 
\', 
e 
_. 
fe 
--«— 


z-I 


--W 
fe 
o 
1 
3 
11 
\ 
11 
1 
. V 


| 1 « 
1 
-"" ' 
ZI 
S 
|| 
? 
! 
o 
" 
or 
53 — 
-1 
2_- J 


<< 
• 
r— 


1 


o 
h 
11 
jr 


'1 
' 
o 
j 
' 
1 


f 
1 
d ' 
/' 
/ 
s 
* 
' ^^ 
/ 
/ 


•-I 
> 
/ 
_, 
o 
r 


x 
C 
, 
-—_. 
- 
g i____i__Jr_,__=sc_ 


s 
u 
V) 
o> 
(O 
o 
w 


3 
•o 
(0 
w 


MPS3903, MPS3904 


TYPICAL OYNAMIC CHARACTERISTICS 


FIGURE 13 - TURN-ON TIME 
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FIGURE 16 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 17 - 
INPUT IMPEDANCE 
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FIGURE 14 - TURN-OFF TIME 
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FIGURE 16 - CAPACITANCE 
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FIGURE 18 - OUTPUT ADMITTANCE 
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FIGURE 19 - THERMAL RESPONSE 
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DESIGN NOTE: USE OF THERMAL RESPONSE DATA 


A train of periodical power pulses can be represented 
by the model as shown in Figure 19 A. 
Using the model and 
the 
device 
thermal 
response 
the normalized effective 
transient thermal resistance of Figure 19 was calculated 
for various duty cycles. 
To find Z0jA(t). multiply the value obtained from 
Figure 19 by the steady state value R0JA- 


Example: 
The MPS3903 is dissipating 2.0 watts peak under the 
following conditions: 
H = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 
AT =r<t) xP(pk) x RflJA =0.22 x 2.0 x 200 =88°C. 


For more information, see AN-569. 


The safe operating area curves indicate l_-V_E limits 
of the transistor that must be observed for reliable oper 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 
The data of Figure 20is based upon Tj(pk) = 150°C; 
Tq or Ta is variable depending upon conditions. Pulse 
curvesare valid for duty cyclesto 10%providedTj(pk) < 
150°C. Tj(pk) may becalculated from thedatainFigure 
19. At high case or ambient temperatures, thermal limi 
tations will reduce the power than can be handled to 
values less than the limitations imposed by second break 
down. (See AN-415A). 


SMALL-SIGNAL DEVICES 


2-132 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VceO 
40 
Vdc 
Collector-Base Voltage 
Vcbo 
40 
Vdc 
Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Base Current 
IB 
200 
Vdc 
Total DeviceDissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mWVC 
Total Power Dissipation@ Ta = 60°C 
pd 
450 
mW 
Total Device Dissipation@ Tq = 25T 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mVWC 
Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-55 to +150 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (TA - 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC " 10 mAdc, Ib = 0) 
Collector-Base Breakdown Voltage 
dC = 10 >»Adc, l_ - 0) 


Emitter-Base Breakdown Voltage 
(_ = 10 uAdc, lc = 0) 


Collector Cutoff Current 
(VCE " 30 Vdc,VBE(off) = 3.0 Vdc) 


Base Cutoff Current 
(VCE " 30 Vdc,VBE(off) = 3.0 Vdc 


ON CHARACTERISnCSd) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 


dC = 1.0 mAdc, Vce = 10 Vdc) 


dc = 10 mAdc, Vce = 10 Vdc) 


(lC = 50 mAdc, Vce = 10 Vdc) 


dC = 100 mAdc, Vce = LOVdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC ° 50 mAdc, Ib = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 20 Vdc,f = 100 MHz) 


SMALL-SIGNAL DEVICES 


MPS3S05 
MPS3S06 


MPS3905 
MPS3906 


MPS3905 
MPS3906 


MPS3S05 
MPS3S06 


MPS3905 
MPS3906 


MPS3905 
MPS3906 


2-133 


MPS3905 
MPS3906 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Symbol 


V(BR)CEO 


v(BR)CBO 


v(BR)EBO 


'CEX 


>BL 


"FE 


vCE(sat) 


VBEIsat) 


Refer to 2N5086 for graphs. 


Min 


40 


40 


5.0 


30 
60 


40 
80 


50 
100 


30 
60 


15 
30 


0.65 


200 
250 


Max 


50 


50 


150 
300 


0.25 
0.4 


0.85 
0.95 


Unit 
| 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


MOTOROLA SEMICONDUCTORS 


MPS3905, MPS3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Capacitance 
(VCB = BOVdc 'E " 0«f ° 100 kHz> 
Input Capacitance 
(Vbe ° Q-5 Vdc'ic ° o.f ° 100kHz> 
Input Impedance 
(IC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 


Voltage Feedback Ratio 
(IC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 


Small-Signal Current Gain 
(IC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 


Output Admittance 
(lC = 1.0mAdc, Vce = 10Vdc, f = 1.0kHz) 


Noise Figure 
dC = 100uAdc, Vce = 50 Vdc,Rs = 1.0k ohm, 
f = 10 Hz to 15.7 kHz) 


MPS3305 
MPS3906 


MPS3905 
MPS3906 


MPS3905 
MPS3906 


MPS3905 
MPS3906 


MPS3905 
MPS3906 


Symbol 


C0do 


Cjbo 


NF 


Min 


0.5 
2.0 


0.1 
1.0 


50 
100 


1.0 
3.0 


Max 


4.5 


10 


8.0 
12 


5.0 
10 


200 
400 


40 
60 


5.0 
4.0 


Unit 


PF 


PF 


kohms 


X10-4 


ftmhos 


dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCC - 3.0 Vdc,VBE(off) = 0.5Vdc 
(lC = 10 mAdc, Ibi = 1-0mAdc) 
td 
— 
35 
ns 


Rise Time 
tr 
— 
50 
ns 


Storage Time 
(Vce = 30 Vdc,lc = 10 mAdc, 
l_1 = 'B2 a 1-0 mAdc) 


MPS3905 
MPS3S06 


MPS3905 
MPS3906 


ts 
— 
500 
600 


ns 


Fall Time 
tf 


— 
90 
90 


ns 


(1)Pulse Test: Pulse Width = 300 ,us. Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-134 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS4248 
MPS4250 
MPS4249 
MPS4250A 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
60 
Vdc 


Collector-Emitter Voltage 
VCES 
40 
60 
Vdc 


Collector-Base Voltage 
VCBO 
40 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
5.0 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.2 
0.2 
Watts 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.5 
0.5 
Watts 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 
pd 


Operating and Storage Junction 
Temperature Range 
Tj. TStg 
-55 to +125 
°C 


Junction Temperature 
Tj 
125 
•c 


Lead Temperature (10 seconds) 
Tl 
260 
°C 


ELECTRICAL CHARACTERISTICS (TA ° 25X unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS4248 
MPS4249 
MPS4250 
MPS4250A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


PNP SILICON 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 10 /iA) 
MPS4248 
dC = 10 /iA) 
MPS4249 
«C = 5.0 mA) 
MPS4250 
(lC = 5.0 mA) 
MPS4250A 


V(BR)CES 
40 
60 
40 
60 


- 


Vdc 


Collector-Emitter Sustaining Voltaged) 
dC = 5.0) 
MPS4248, MPS4250 
dC = 5.0) 
MPS4249, MPS4250A 


v(BR)CEO(sus) 
40 
60 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 uA) 
MPS4248, MPS4250 
dC = 10 /iA) 
MPS4249, MPS4250A 


V(BR)CBO 
40 
60 


- 


Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 uA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 V) 
MPS4248, MPS4249, MPS4250A 
(Vcb = 50 V) 
MPS4250 
(Vcb = 40 V, Ta = 65°C) 
MPS4248,49,50 


<CBO 


- 
10 
10 
3.0 


nA 


Emitter Cutoff Current 
(VBE = 3.0 V) 
'EBO 
— 
20 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 100 uA. VCE = 5.0 V) 
MPS4248 
dC = 100 uA. VCe = 5.0 V) 
MPS4249 
dC = 100 /iA. VcE = 5.0 V) 
MPS42S0,A 
dC = 1.0 mA, Vce = 5.0 V) 
MPS4248 
(lC = 1.0 mA, Vce = 5.0 V) 
MPS4249 
dC = 1.0 mA, Vce = 5.0 V) 
MPS4250 
dC = 10 mA, Vce = 5.0 V) 
MPS4248 
dC = 10 mA, Vce = 5.0 V) 
MPS4249 
dC = 10 mA, Vce = 5.0 V) 
MPS4250 


"FE 
50 
100 
250 
50 
100 
250 
50 
100 
250 


300 
700 


Collector-Emitter Saturation Voltaged) 
dC = 10 mA, lB = 0.5 mA) 
VcE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 10 mA, Ib = 0.5 mA) 
vBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB = 5.0 V, f = 1.0 MHz) 


SMALL-SIGNAL DEVICES 


2-135 


C0bo 
6.0 
pF 


MOTOROLA SEMICONDUCTORS 


MPS4248, MPS4249, MPS4250, MPS4250A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Input Capacitance 
Cjbo 
— 
16 
PF 
(Vbe = 0.5 V.f - 1.0 MHz) 
Small-Signal Current Gain 
hfe 
— 
(lC = 1.0mA, Vce = 5.0V,f = 1.0kHz) 
MPS4248 
50 
1000 
(lC = 1.0mA, Vce = 5.0V,f = 1.0kHz) 
MPS4249 
100 
500 
(lC = 10 mA,Vce = 5.0V.f = 1.0kHz) 
MPS4250.A 
250 
800 
dC = 0.5 mA,Vce = 5.0V,f - 20 MHz) 
MPS4248,49,50 
2.0 
— 


Noise Figure 
NF 
dB 
(lC = 20 jiA,Vce = 50 V, Rs = 10 KO, 
f = 1.0 kHz, PflW = 150Hz) 
MPS4248.50.A 
— 
2.0 
(lC = 20 uA,Vce = 5.0 V,Rs = 10 Kn, 
f = 1.0 kHz, Pbw " 150 Hz) 
MPS4249 
— 
3.0 
(lC = 250 ftA. Vce = 5.0 V, Rs = 10 Kn, 
f = 1.0 kHz, Pbw = 150 Hz) 
MPS4248,50,A 
— 
2.0 
(lC = 250 uA,Vce = 50 V.Rs = 1.0Kn, 
f = 1.0 kHz, Pbw = 160 Hz) 
MPS4249 
— 
3.0 


(1) Pulse Test: Pulse Width = 300 us. Duty Cycle - 
2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-136 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS4257 MPS42S8 
Unit 
Collector-Emitter Voltage 
VCEO 
6.0 
12 
Vdc 
Collector-Base Voltage 
VCBO 
6.0 
12 
Vdc 
Emitter-Base Voltage 
Vebo 
4.5 
Vdc 


Collector Current — Continuous 
"C 
80 
mAdc 
Total DeviceDissipation@ Ta " 25°C 
Derate above 25°C 
PD 
625 
12 
mW 
mWT 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflUA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (TA = 25'C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS4257 
MPS4258 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTORS 


PNP SILICON 


Refer to MPS3640for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC = 100 uAdc, Vbe = 0) 
MPS4257 
MPS4258 


V(BR)CES 
6.0 
12 


- 


Vdc 


Collector-EmitterSustaining Voltaged) 
dC = 3.0 mAdc, Ib =• 0) 
MPS4257 
MPS4258 


VCEO(aus) 
6.0 
12 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc. Ig = 0) 
MPS4257 
MPS4258 


V(BR)CBO 
6.0 
12 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc = 0) 
v(BR)EBO 
4.5 
- 
Vdc 


Collector Cutoff Current 
(Vce = 3.0 Vdc,VB£ = 0) 
MPS4257 
(Vce = 3.0 Vdc,VB£ = 0, Ta = + 65'C) 
MPS42S7 
(Vce = 6.o vdc, Vbe = o) 
MPS4258 
(Vce = 60 Vdc, Vbe =• 0, Ta = +65°C) 
MPS4258 


'CES 


- 
0.01 
5.0 
0.01 
5.0 


uAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, Vce 
dc = 10 mAdc,Vce ' 
dC = SOmAdc, Vce ! 


= 0.5 Vdc) 
3.0 Vdc) 
1.0 Vdc) 
Collector-EmitterSaturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = SO mAdc, Ib = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
dC = SO mAdc, Ib = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
(lC ° 10 mAdc, Vce = 10 Vdc,f = 100 MHz) 


Input Capacitance 
(VflE ° 0-5Vdc, lc = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(Vcb ° s.o vdc, Ie = 0, f 
1.0 MHz) 


SMALL-SIGNAL DEVICES 


MPS4257 
MPS4258 


2-137 


hFE 


VCE(sat) 


vBE(sat) 


Cibo 


CCb 


15 
30 
30 


0.75 


500 
700 


120 


0.15 
0.5 


0.95 
1.5 


3.5 


3.0 


Vdc 


Vdc 


MHz 


PF 


PF 


MOTOROLA SEMICONDUCTORS 


I 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Delay Time 


Rise Time 


Turn-Off Time 


Storage Time 


Fall Time 


(Vce = I-5 Vdc, 
VBE(off) = 0, 
lC = 10 mAdc, Ibi = 1-0mAdc) 


(Vce = 1.5 Vdc, 
lC = 10 mAdc, 
'B1 = 'B2 = 1° mAdc) 


Storage Time 
dC- 10mAdc, Ibi - 10mAdc, Ib2- 1° mAdc> 


MPS4257 
MPS4258 


MPS4257 
MPS4258 


MPS4257 
MPS4258 


ton 


toff 


15 


10 


15 


15 
20 


15 
20 


10 


15 
20 


(1)Pulse Test: Pulse Width « 300 us. Duty Cycle * 2.0%. 
(2) fj isdefined as the frequency at which |hfe| extrapolates to unity. 


RGURE 1 — SWITCHING TIME TEST CIRCUIT 


tf< 1.0 ns 
>50n 
lw" 240 in 


MOTOROLA SEMICONDUCTORS 


Vin 
Volts 
VBB 
Vain 
VCC 
Volll 


R1 
Ohmi 


R2 


Ohms 


R3 


Ohms 
IC 
mA 
>B1 
mA 
>B2 
mA 


-5.8 
GND 
-1.5 
130 
2.2 k 
5k 
10 
1.0 
- 


tall 
♦9.8 
-8.0 
-1.5 
130 
2.2 k 
5k 
10 
1.0 
1.0 


'* 
♦9.0 
-10 
-3.0 
270 
510 
330 
10 
10 
10 


SMALL-SIGNAL DEVICES 


2-138 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS4274 MPS427S 
Unit 
Collector-Emitter Voltage 
VCEO 
12 
15 
Vdc 
Collector-Emitter Voltage 
VCES 
30 
40 
Vdc 
Collector-Base Voltage 
VCBO 
30 
40 
Vdc 
Emitter-Base Voltage 
VEBO 
4.5 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 
Total DeviceDissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/X 
TotalDevice Dissipation @Tq = 25'C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
R&jc 
83.3 
°CAV 
Thermal Resistance, Junction to Ambient 
RftJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltaged) 
dC = 10 mAdc, Ib = 0) 


Collector-Emitter Breakdown Voltage 
dC = 10 jiAdc, Veb = 0) 


Collector-BaseBreakdown Voltage 
dC = 10 uAdc, Ie = 0) 


Emitter-BaseBreakdown Voltage 
(Ie" 10MAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 2Q vdc, Ie = o. Ta = 65°o 


Collector Cutoff Current 
(Vce ° 2Qvdc. veb = o) 


ON CHARACTERISTICS 


DC CurrentGain dc = 10 mAdc, Vce = 1-0Vdc) 
dC = 30 mAdc,Vce = 0.4 Vdc) 
dC = 100mAdc, Vce " 10 Vdc) 


MPS4274 
MPS4275 


MPS4274 
MPS4275 


MPS4274 
MPS4275 


Collector-Emitter Saturation Voltage dc - 10mAdc, Ib = 1.0mAdc) 
(lC = 10 mAdc, Ib = 3.3 mAdc) 
dC = 30 mAdc, Ib = 3.0 mAdc) 
dC = 100mAdc, Ib = 10mAdc) 
Base-Emitter Saturation Voltage 
dc = 10mAdc, Ib = 1.0mAdc) 
dc = 10 mAdc, Ib = 3.3 mAdc) 
dC = 30 mAdc, lB = 3.0 mAdc) 
dc = 100mAdc, Ib = 10mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Collector-Base Capacitance (Vcb = 5.0Vdc,f - 1.0MHz) 
Small Signal Current Gain (lc = 10mAdc, Vcb ° 10Vdc, f - 100MHz) 


SWITCHING CHARACTERISTICS 
Charge StorageTime (Ie = Ibi = Ib2 = 10mAdc, Vce " 10Vdc) 
Turn-On Time (lc - 10mAdc, Ibi = 3.3mAdc, Vce = 3.0Vdc) 
Turn-Off Time 
(lc = 10mAdc, Ibi = Ib2 " 3.3mAdc. Vce = 3.0Vdc) 
(1)PulseTest: PulseWidth< 300 uSec, DutyCycle« 2.0%. 


SMALL-SIGNAL DEVICES 


2-139 


MPS4274 
MPS4275 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to MPS2369 for graphs. 


Symbol 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 


V(BR)EBO 


ICBO 


'CES 


"FE 


VCE(sat) 


vBE(sat) 


Ccb 


•on 


toff 


Min 


12 
15 


30 
40 


30 
40 


4.5 


35 
30 
18 


0.72 
0.74 


4.0 


Max 


10 


400 


120 


0.2 
0.18 
0.25 
0.50 


0.85 
1.00 
1.15 
1.60 


4.0 


13 


12 


12 


Unit 
| 


Vdc 


Vdc 


Vdc 


Vdc 


uAdc 


nAdc 


Vdc 


Vdc 


PF 


MOTOROLA SEMICONDUCTORS 


MPS5133 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 


Collector-Base Vottage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25X 
pd 
.625 
Watts 


Total Device Dissipation @ Tc = 25°C 
Derate above 25 C 
pd 
1.0 
Watt 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


Lead Temperature (10 seconds) 
TL 
260 
•c 


Refer to MPS3903 for graphs. 


ELECTRICALCHARACTERISTICS (Ta = 25"C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
dC = 3.0 mA) 


Collector-Base Breakdown Voltage 
(IC = 100uA) 


Emitter-Base Breakdown Voltage 
(Ie =• 10 mA) 


Collector Cutoff Current 
(VCB = 15 V) 
(VCB° 1SV,Ta = 65'C) 


Emitter Cutoff Current 
(VBE ° 20 v> 


ON CHARACTERISTICS 


DC Current Gain 
dC - 1-0mA,Vce = 5.0 V) 


Collector-Emitter Saturation Voltage 
dC ° 1.0 mA, Ib = 0-1 mA) 


Base-Emitter On Vottage 
dc - ioo ma, Vce = s.o v) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VCB = 5.0V) 


Small-Signal Current Gain 
(IC = 1.0mA,Vce = 5.0V,f = 1.0 kHz) 
(lC - 1.0 mA. Vce = 5.0V,f = 20 MHz) 
(1)Pulse Test: Pulse Width «£ 300 us, Duty Cycle =s 1.0%. 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CEO(sus) 


V(BR)CBO 


V(BR)EBO 


>CBO 


_BO 


hFE 


VCE(sat) 


VBE(on) 


Ccb 


2-140 


Min 


18 


20 


3.0 


60 


50 
2.0 


Max 


50 
5.0 


50 


1000 


0.4 


0.75 


5.0 


1100 
20 


Unit 


Vdc 


Vdc 


Vdc 


nA 
uA 


nA 


Vdc 


Vdc 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
30 
Vdc 
Collector-Base Voltage 
VcBO 
30 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 
Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
.625 
Watts 


Total DeviceDissipation @ Tc = 25'C 
Derate above 25°C 
pd 
1.0 
Wan 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
°C 


Junction Temperature 
Tj 
°C 
Lead Temperature (10 seconds) 
TL 
260 
°c 


ELECTRfCAL CHARACTERISTICS (Ta - 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS5138 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


TRANSISTOR 


PNP SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Sustaining Voltaged) 
(lc = 10 mA) 
V(BR)CEO(sus) 
30 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uA) 
V(BR)CBO 
30 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 uA) 
v(BR)EBO 
5.0 
- 
Vdc 


Collector Cutoff Current 
(VCb = 20 V) 
(vCb = 20 v, ta = 65°o 


<CBO 


- 
50 
3.0 
nA 
tiA 
ON CHARACTERISTICS 


DC Current Gain 
dc = ioo uA, Vce = 10 v) 
(lC = 1.0 mA, VCe = 10 V) 
dc ° 10 mA, VCE = 10 v>(1) 
Collector-Emitter Saturation Voltaged) 
dC = 10 mA, lB - 0.5 mA) 


Base-Emitter Saturation Voltaged) 
dC - 10 mA, Ib = 0.5 mA) 


Base-Emitter On Voltaged) 
dC ° 10 mA, Vce = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VCB ° 5.0 V, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VBE = 0.5 V, f = 1.0 MHz) 


Smalt-Signal Current Gain 
dC = 0.5 mA, Vce = 5.0 V, f = 20 MHz) 
dC = 1.0 mA, VCE = 10 V,f = 1.0 kHz) 
(1)PulseTest: PulseWidths 300 us. DutyCycle« 1.0%. 


SMALL-SIGNAL DEVICES 


2-141 


hFE 


VCE(sat) 


vBE(sat) 


VBE(on) 


CCb 


Ceb 


50 
50 
50 


1.5 
40 


800 


0.3 
Vdc 


1.0 
Vdc 


1.0 
Vdc 


7.0 
PF 


30 
pF 


1000 


MOTOROLA SEMICONDUCTORS 


I 
MPS5139 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
PD 
0.625 
Watts 
mwyc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


Lead Temperature (10 seconds) 
TL 
260 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 100 uA) 
V(BR)CES 
20 
— 
Vdc 


Collector-Emitter Sustaining Vottage 
dc=10mA)(1) 
VCEO(sus) 
20 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lc = 100 uA) 
V(BR)CBO 
20 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 uA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 15 Vdc) 
(Vce = 15Vdc,TA= 65°C) 


Ices 
50 
25 
nA 
uA 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 100 uA, Vce = 10 Vdc) 
dc = 1-0mA.Vce = 1° Vdc) 
(lC = 10 mA,Vce = 1-OVdcHI) 
(lc - 50 mA,Vce ° 1° VdcKD 


Collector-Emitter Saturation Voltage 
dC = LOmAJB = 0.1 mA)(1) 
dC = 10 mA,Ib = 1.0 mAHD 
dc = 50mA,lB ° 5.0mA)(1) 


Base-Emitter Saturation Voltage 
dc = 10mA,lB = 1.0mA)(1) 
dc ° 50 mA,Ib = 5.0mA)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VCB " 10 Vdc,f = 1.0 MHz) 


Emitter-Base Capacitance 
(VBE = 0-5 Vdc, f = 1.0 MHz) 


Current Gain — High Frequency 
dC ° 10 mA. Vce " 20 Vdc, f 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dC - 50 mA, Ibi - S.O mA) 


Turn-Off Time 
dC - 50 mA, Ifll ~ 5.0 mA, Ib2 


100 MHz) 


-5.0 mA) 


(1)Pulse Test: Pulse Width « 300 /ts, Duty Cycle <& 1.0%. 


MOTOROLA SEMICONDUCTORS 


2-142 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


Ceb 


Ihfe 


toff 


30 
40 
40 
15 


0.7 
0.75 


0.15 
0.20 
0.5 


1.0 
1.25 


5.0 


8.0 


50 


200 


Vdc 


Vdc 


PF 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
vCEO 
25 
Vdc 
Collector-Base Volt8ge 
VcBO 
25 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 
Total Device Dissipation @ T/\ = 25X 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
R&JA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC g 10 mAdc, Ib = 0) 


Collector Cutoff Current 
(Vcb = 25 Vdc, lE = 0) 
(VCB " 25 Vdc, lE - 0, Ta ° lOOX) 


Collector Cutoff Current 
(Vce = 25 vdc, vBe ° Q) 


Emitter Cutoff Current 
(Vbe = s.o vdc, ic = o) 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
«C ° 10 mAdc. Ib = 1.0 mAdc) 


Base-Emitter Saturation Vottage 
dC = 10 mAdc, Ib = 1.0 mAdc) 


Base-Emitter On Voltage 
(_ = 10 mAdc, Vce ° 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Symbol 


V(BR)CEO 


ICBO 


'ces 


>EBO 


hFE 


VCE(sat) 


vBE(sat) 


VBE(on) 


MPS5172 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPS3S03 for graphs. 


Min 
Typ 


25 


100 


0.75 


0.5 


Max 


100 
10 


100 


100 


500 


0.25 


1.2 


Unit 


Vdc 


nAdc 
uAdc 


nAdc 


nAdc 


Vdc 


Vdc 


Vdc 


Current-Gain — Bandwidth Product 
dC = 2.0 mAdc, Vce = 5.0 Vdc) 
fT 
- 
120 
- 
MHz 


Collector-Base Capacitance 
(Vcb = o, ie = o, f = 1.0 mhz) 
Ccb 
1.6 
- 
10 
PF 


Small-Signal Current Gain 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
100 
— 
750 
- 


(1)Pulse Test: Pulse Width <s 300 us. Duty Cycle =s 2.0% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-143 


MPS5179 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
2.5 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
200 
1.14 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
300 
1.71 
mW 
mW/°C 


Storage Temperature Range 
Tsta 
-55 to +150 
•c 


ELECTRICALCHARACTERISTICS (Ta ° 2S"C unless otherwise noted.) 
Unit 
| 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(lc - 3.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(IC = 0001 mAdc,Ie = 0) 


Emitter-Base Breakdown Voltage 
(Ig - 0.01 mAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = is vdc, Ie = o) 
(VCB = 15Vdc,Ie °0,Ta= 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 3.0 mAdc,Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(lC ° 10 mAdc,Ib ° 10 mAdc) 


Base-Emitter Saturation Voltage 
dc " 10 mAdc,Ib ° 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product!1) 
dc ° 5.0 mAdc, Vce = 6 0 Vdc. f ° 100 MHz) 


Collector-Base Capacitance 
(Vcb = 1° vdc. _ = o.* = 01 to 1.0mhz) 


Small Signal Current Gain 
dC ° 2.0mAdc, Vce = 60 Vdc. f - 1.0kHz) 


Collector Base Time Constant 
(IE = 2.0 mAdc,Vcb = 6.0 Vdc. f 
31.9 MHz) 


Noise Figure 
(See Figure 1) 
dC - 1.5mAdc, Vce = 6-0 Vdc, Rs = 50ohms, f - 200 MHz) 
Common-Emitter AmplifierPower Gain 
(See Figure 1) 
(VCE = 60 Vdc. lc = 5.0mAdc. f = 200MHz) 
(1)fr is defined as the frequency at which |hfe| extrapolates to unity. 


MOTOROLA SEMICONDUCTORS 


2-144 


Symbol 


VCEO(sus) 


V(BR)CBO 


V(BR)EBO 


ICBO 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


hfe 


rb'Cc 


NF 


Min 


12 


20 


2.5 


25 


900 


25 


3.0 


15 


Max 


- 


0.02 
1.0 


250 


0.4 


1.0 


2000 


1.0 


300 


14 


4.5 


Vdc 


Vdc 


Vdc 


uAdc 


Vdc 


Vdc 


MHz 


PF 


ps 


dB 


dB 


SMALL-SIGNAL DEVICES 


MPSS179 


SMALL-SIGNAL DEVICES 


FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 
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12 2Turns.»1SAWG.0.5"l.0.5"D»r-iK 
L3 2 Turns.*13 AWG,0.25" L.0.5" Ditmttsf (Portion 1/4" horn 12) 
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MOTOROLA SEMICONDUCTORS 


MPS6507 


CASE 2902, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C : 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc - 25"C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
rriwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RfljAd) 
200 
'CAN 


(1) RgjA is measured withthe device soldered intoa typical printed circuit board 


ELECTRICALCHARACTERISTICS (TA= 2S°C unless otherwise noted.) 
3 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC - 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Vottage 
dC = 100Mdc. Ie ° 0) 


Emitter-Base Breakdown Voltage 
(lE = 100 uAdc, lc " 0) 


Collector Cutoff Current 
(Vcb = 15 vdc, Ie = o) 
(VCB " 15Vdc,Ie ° 0. Ta = 60°C) 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 2.0 mAdc, Vce = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE ° 10Vdc, f = 100MHz) 


Output Capacitance 
(VCB " 10 Vdc, l£ = 0. f = 100kHz) 
Small-Signal Current Gain 
(lC ° 2.0mAdc, Vce " 10Vdc,f = 44 MHz) 
(2)Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CEO 


V(BR)CB0 


V(BR)EBO 


>CBO 


hFE 


C0bo 


hfe 


2-146 


Min 


20 


30 


3.0 


25 


20 


Typ 


75 


800 


1.25 


Max 


50 
1.0 


2.5 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 
/iAdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
20 
Vdc 
Collector-EmitterVoltage 
VCES 
30 
Vdc 
Emitter-Base Voltage 
VEBO 
3.0 
Vdc 
Collector Current — Continuous 
ic 
100 
mAdc 
TotalDevice Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/»C 
TotalDevice Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/°C 
Operating and Storage Junction 
Temperature Range 
TJ.T8tg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
RflJC 
83.3 
°CAV 
Thermal Resistance, Junction to Ambient 
R«UA<D 
200 
"CAV 
(1) RflJA 'a measured withthe device soldered intoa typical printed circuit board 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltage(2) 
dC ° 0 5 mAdc, Ib = 0) 
Collector-Emitter BreakdownVoltage(2) 
dC = 100 /xAdc, Veb = 0) 


Collector Cutoff Current 
(VCB " 15 Vdc, lE = 0) 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC - 10 mAdc, Vce = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB ° 10 Vdc, Ie - 0, f = 100 kHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
dC = 10 mAdc, Vcb ° 12 Vdc.f - 45 MHz) 
(2)PulseTest: Pulse Width « 300 us. DutyCycle =s 2.0%. 


SMALL-SIGNAL DEVICES 


2-147 


Symbol 


v(BR)CE0 


V(BR)CES 


>CBO 


hFE 


CODo 


3pe 


MPS6511 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Min 
Typ 
Max 
Unit 


20 
Vdc 


30 
Vdc 


50 
nAdc 


25 
75 


1.25 
2.5 
PF 


30 
dB 


MOTOROLA SEMICONDUCTORS 


NPN 
MPS6512 
thru 
MPS6515 


PNP 
MPS6516 
thru 
MPS6519 


CASE 29-02, STYLE 1 
TO-92 (T0-226AA) 


AMPLIFIER TRANSISTOR 


Refer to 2N4125 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 0.5 mAdc,Ib = 0) 


dC = 0.5 mAdc,Ib = 0) 


MAXIMUM RATINGS 


Rating 
Symbol 
NPN 
PNP 
Unit 


Collector-Emitter Voltage 
MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6516 thru MPS6518 
MPS6519 


VCEO 
30 
25 
40 
25 


Vdc 


Collector-Base Voltage 
MPS6512thru MPS6515 
MPS6516thruMPS6518 
MPS6519 


VCBO 
40 
40 
25 


Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
100 
mAdc 


Total Device Dissipation @ Ta = 25"C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Wans 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R«jc 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RftJA 
200 
•CAN 


MPS6512, MPS6513 
MPS6514, MPS6515 


MPS6516 thru MPS6518 
MPS6519 


Symbol 


V(BR)CEO 


Min 


30 
25 


40 
25 


Typ 
Max 
I 
""» 
I 


Vdc 


Emitter-Base Breakdown Voltage He = 10 uAdc, lc = 0) 
(Ie = 10 /iAdc, lc = 0) 
V(BR)EBO 
4.0 
4.0 


Vdc 


/iAdc 
Collector Cutoff Current 
(Vcb = 30 vdc, ie = o) 
(Vcb = 30 Vdc,l£ = 0) 
(Vcb ° 20vdc, ie = o) 


MPS6516thru MPS6518 


MPS6519 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0mAdc, Vce = 10Vdc) 


(lC = 100mAdc, Vce = 10VdcKD 


dC = 2.0 mAdc,Vce = 10 Vdc) 


dC = 100mAdc, Vce = 10Vdc)(1) 


MPS6512 
MPS6513 
MPS6514 
MPS6515 


MPS6512 
MPS6513 
MPS6514 
MPS6515 


MPS6516 
MPS6517 
MPS6518 
MPS6519 


MPS6516 
MPS6517 
MPS6518 
MPS6519 
Collector-Emitter Saturation Voltage dc = 60mAdc, Ib = 5.0mAdc) 
(lC = 50 mAdc, Ib = 5.0mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 
(Vcb = 1°Vdc, Ie = 0,f = 100 kHz) 
(vCb ° io vdc, Ie = o. f = 100 i<hz) 
(1) PulseTest: PulseWidth « 300us, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


2-148 


>CBO 


hFE 


VcE(sat) 


Cobo 


50 
90 
150 
250 


30 
60 
90 
150 


50 
90 
150 
250 


30 
60 
90 
150 


0.05 
0.05 
0.05 


100 
180 
300 
500 


100 
180 
300 
500 


0.5 
0.5 


3.5 
4.0 


Vdc 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
NPN 
PNP 
Unit 
Collector-Emitter Voltage 
MPS6520, MPS6521 
MPS6522, MPS6523 


VCEO 
25 
25 


Vdc 


Collector-Base Voltage 
MPS6520, MPS6521 
MPS6522, MPS6523 


vCBO 
40 
25 


Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 
Total Device Dissipation @ Tc - 25X 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 
R&JA 
200 
"CAV 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 2S'Cunless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


NPN 
MPS6520 
MPS6521 


PNP 
MPS6522 
MPS6523 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPUFIER TRANSISTOR 


Refer to MPS3903 for NPN graphs.* 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 0.5 mAdc, Ib = 0) 
dc = 0.5 mAdc, Ib = 0) 


V(BR)CEO 
25 
25 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 /*Adc, lc = 0) 
(l£ = 10 /iAdc, lc = 0) 


V(BR)EBO 
4.0 
4.0 


- 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
(Vcb = 20 vdc, Ie = o) 


ICBO 


- 
0.05 
0.05 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 


_ 
dC =• 100 /tAdc, Vce = 10 Vdc) 
MPS6520 
MPS6521 
100 
150 
400 
dC = 2.0 mAdc, Vce = 10 Vdc) 
MPS6520 
MPS6521 
200 
300 
600 


dC = 100 /iAdc, Vce = 10 Vdc) 
MPS6522 
MPS6523 
100 
150 
400 
dC = 2.0 mAdc, Vce = 10 Vdc) 
MPS6522 
MPS6523 
200 
300 
600 


Collector-Emitter Saturation Voltage 
VCE(sat) 
Vdc 
(lC = 50 mAdc, Ib = 5.0 mAdc) 
— 
0.5 
dC = 50 mAdc, Ib = 5.0 mAdc) 


— 
0.5 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
PF 
(VCb = 10 Vdc, Ie = 0, f = 100 kHz) 
3.5 
(Vcb = 10 Vdc. IE = 0, f = 100 kHz) 
— 
3.5 
Noise Figure 
NF 
dB 
dC = 10 /iAdc, Vce = 5.0 Vdc, Rs = 10 kohms. 
3.0 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 
dC = 10 /iAdc, Vce = 5.0 Vdc, Rs = 10 kohms. 
3.0 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 
'Refer to 2NS086 for PNP graphs. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-149 


MPS6530 
thru 
MPS6532 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
MPS6530, MPS6531 
MPS6532 


VCEO 
40 
30 


Vdc 


Collector-Base Voltage 
MPS6530, MPS6531 
MPS6532 


VCBO 
60 
50 


Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
•C 
600 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
mW 


Junction Temperature 
Tj, Tstq 
150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
0.2 
°C/mW 


Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (TA =• 25'C unless otherwise noted.) 
Unit 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC= 10mAdc,Ib = 0) 
MPS6530, MPS6531 
MPS6532 


V(BR)CEO 
40 
30 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10/tAdc, Ie = 0) 
MPS6530, MPS6531 
MPS6532 


v(BR)CBO 
60 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IB = 10/iAdc,lc = 0) 
AllTypes 
dB = 10/iAdc,lc = 0) 
AllTypes 


V(BR)EBO 
5.0 
4.0 


- 
Vdc 


Collector Cutoff Current 
(VCb = 40Vdc,Ie = 0) 
MPS6S30, MPS6531 
(Vcb = 30Vdc, Ie = 0) 
MPS6532 


(VCb = 40Vdc,Ie = 0,TA = 60°C) 
MPS6530, MPS6531 
(Vcb = 30Vdc, Ie = 0, TA =• 60°C) 
MPS6532 


'CBO 


— 


0.05 
0.1 


2.0 
5.0 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
MPS6530 
MPS6531 


hFE 
30 
60 
_ 


(lc = 100mAdc, Vce = 1.0Vdc) 
MPS6530 
MPS6531 
40 
90 
120 
270 


MPS6532 
30 
— 


dC = 500 mAdc, Vce = 10 Vdc) 
MPS6530 
MPS6531 
25 
60 
_ 


Collector-Emitter Saturation Voltage 
(lC = 100 mAdc, Ib = 10 mAdc) 
MPS6530, MPS6532 
MPS6531 


VCE(sat) 


- 
0.5 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
MPS6530, MPS6531 
MPS6532 


VBE(sat) 


- 
1.0 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = io vdc, ie = o, f = 1.0 mhz) 
(Vcb ° io vdc, ie = o. f = io mhz) 


MOTOROLA SEMICONDUCTORS 


All Types 
All Types 


2-150 


C0bo 
5.0 
7.0 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
MPS6533, MPS6534 
MPS6535 


vCEO 
40 
30 


Vdc 


Collector-Base Voltage 
MPS6533, MPS6534 
MPS6535 


VCBO 
40 
30 


Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 
Total DeviceDissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
mW 


Junction Temperature 
Tj. Tst,, 
150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
0.2 
°C/mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS6533 
thru 
MPS6535 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N4402 for graphs. 


Symbol 
MIn 
Max 
Unit 3 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
MPS6533, MPS6534 
MPS6535 


V(BR)CEO 
40 
30 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 10 /iAdc, Ie = 0) 
MPS6533,MPS6534 
MPS6535 


V(BR)CBO 


40 
30 


- 
Vdc 


Emitter-Base Breakdown Vottage 
(lB = 10 nAdc, lc = 0) 
AllTypes 
dB = 10 /tAdc, lc = 0) 
AllTypes 


V(BR)EBO 
5.0 
4.0 


- 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc, l£ = 0) 
AllTypes 


(Vcb = 30 Vdc, l£ = 0, Ta = 60"C) 
MPS6533, MPS6534 
(Vcb = 20 Vdc, lE = 0, Ta = 60T) 
MPS6535 


ICBO 


- 
0.05 


2.0 
5.0 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
MPS6533 
MPS6S34 


dC = 100 mAdc, Vce ° 10 Vdc) 
MPS6533 
MPS6534 
MPS6535 


dC = 500 mAdc, Vce = 10 Vdc) 
MPS6533 
MPS6534 


hFE 
30 
60 


40 
90 
30 


25 
50 


120 
270 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ifl = 10 mAdc) 
MPS6533, MPS6535 
MPS6534 


VCE(sat) 


- 
0.5 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
MPS6533, MPS6534 
MPS6535 


VBE(sat) 


- 
1.0 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
AllTypes 
(Vcb = 10 Vdc, lE = 0, f = 1.0 MHz) 
All Types 


C0bo 


- 
5.0 
7.0 


PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-151 


MPS6543 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
35 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25X 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj.T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
125 
"CAV 


Thermal Resistance, Junction to Ambient 
RfljAd) 
357 
°CAV 


(1) RgjA is measuredwiththe devicesoldered into a typicalprintedcircuitboard. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
25 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /iAdc, Ie = 0) 
V(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 /iAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 25 vdc, ie = o) 
<CBO 
— 
— 
0.1 
/iAdc 


Emitter Cutoff Current 
(vBe = 2.o vdc, tc = o) 
<EBO 
— 
— 
1.0 
/iAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 4.0 mAdc, VCe = 10 Vdc) 
hFE 
25 
60 
— 
— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
200 
350 
mVdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
750 
950 
mVdc 


SMALL-StGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc.Vce = 12Vdc.f = 100MHz) 
fr 
750 
1100 
— 
MHz 


Output Capacitance 
(Vcb = io vdc, iE = o. f = 1.0 MHz) 
C0bo 
— 
0.8 
1.0 
PF 


Collector Base Time Constant 
(IE = 4.0 mAdc,Vce = 12 Vdc,f = 31.8 MHz) 
rb'Cc 
— 
— 
9.5 
ps 


(2) Pulse Test: Pulse Width « 300 /ts. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-152 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
vCEO 
45 
Vdc 
Collector-Base Voltage 
VCBO 
60 
Vdc 
Emitter-Base Voltage 
VEBO 
4.0 
Vdc 
Total DeviceDissipation @ Ta = 25*C 
Derate above 25°C 
Pd 
350 
2.81 
mW 
mW/T 
Total DeviceDissipation @ Ta = 60°C 
pd 
210 
mW 
Operating and Storage Junction 
Temperature Range 
Tj. Tjtg 
-55 to +135 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
357 
"CAV 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-EmitterBreakdown Voltage 
dC " 1.0 mAdc, Ie = 0) 
Collector-BaseBreakdown Voltage 
Hc° io /iAdc, ie = o) 
Emitter-Base Breakdown Voltage 
(>E = 10 /iAdc. IC = 0) 


Collector Cutoff Current 
(VCB = 35 Vdc. Ie ° 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC ° 30 mAdc.Vce 
10 Vdc) 
Collector-EmitterSaturation Voltage 
dC " 30 mAdc, Ib = 3.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Common-Emitter Reverse Transfer Capacitance 
(VCB = 10Vdc. IC = 0,f = 100 kHz) 


Output Admittance 
dC = 10 mAdc,Vce 
10 Vdc, f = 45 MHz) 


Output Voltage 
(Vin(RMS) " 12 mV, f = 45 MHz) 


SMALL-SIGNAL DEVICES 


2-153 


MPS6544 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MPSH20for graphs. 


Symbol 
MIn 
Max 
Unit 


V(BR)CEO 
45 
Vdc 


v(BR)CBO 
60 
Vdc 


v(BR)EBO 
4.0 
Vdc 


'CBO 
0.5 
/iAdc 


hFE 
20 


vCE(sat) 
0.5 
Vdc 


0.65 
PF 


Voe 
0.10 
mmhos 


1.0 
Vdc 


MOTOROLA SEMICONDUCTORS 


MPS6547 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
35 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 


- 


-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rqjc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RfljAd) 
200 
"CAV 


(D RflJA'8 measured with thedevice soldered into atypical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC = 1-0 mAdc, Ifl = 0) 


Collector-Base Breakdown Voltage 
dC= 10pAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(lE = 100/iAdc, lc " 0) 


Collector Cutoff Current 
(Vcb ° 25vdc, ie = o) 


Emitter Cutoff Current 
(vBe ° 2.ovdc, ic = o) 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 2.0 mAdc, Vce " 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC= 10mAdc, Ib = 1-0 mAdc) 


Base-Emitter On Voltage(2) 
dc " 10mAdc, Vce ° 10Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 2.0 mAdc, Vce ° 10Vdcf = 100 MHz) 
Common-Emitter Reverse Transfer Capacitance 
(Vcb ° 1° vdc Ie = o. <° 10°kHz> 


Conversion Gain 
dc =• 4.0mAdc, Vce = 10Vdc. f = 100 MHz to 10.7 MHz) 
(2)PulseTest: PulseWidth* 300us. DutyCycle «s 2.0%. 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


<CBO 


•EBO 


hFE 


VcE(sat) 


VBE(on) 


2-154 


25 
Vdc 


35 
Vdc 


3.0 
Vdc 


100 
nAdc 


1.0 
/tAdc 


20 
60 


0.1 
0.35 
Vdc 


0.7 
0.95 
Vdc 


600 
1000 
MHz 


0.3 
0.35 
PF 


20 
dB 


SMALL-SIGNAL DEVICES 


MPS6547 


5.6 pF 
R.-»n>rr-iH|—i 
\ 
I 
>—^hh—t£»rT-S& 
10mV Il-30PF^ 
,JL /ffi 
^130pF I ^25-280 . 
I f I 
VDK 
j__ 
100/iH 3 __ 


118.7 MHz 
• io.# mnz y. 
^^. 
ns-son -* Q 
800mV 
T 
15 pF 


L1 - 3 Torn* #20 Wire, 
1/4" I.D., Air Wound. 
Bate Tapped 1/2 Turn 
From Ground. 


L2 - 37 Turns #28 Wire, 
Wound on 1/4" I.O. Coil Form. 


SMALL-SIGNAL DEVICES 


•JTT"! 
0.1 ftFX 
$,kn I 


0.01 uf 


: o.oi uf 


10 Vdc 
Bandwidth * 
500 k Hz 


-VEE 


MOTOROLA SEMICONDUCTORS 


2-155 


MPS6560 
MPS6562 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AUDIO TRANSISTOR 


MPS6560 
NPN SIUCON 


MPS6562 
PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VcBO 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25 C 
pd 
1.5 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
°C/mW 


Thermal Resistance, Junction to Ambient 
RfljAd) 
200 
°C/mW 
— (D RflJA 'S measured with thedevice soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10mAdc, Ib " 0) 


Collector-Base Breakdown Voltage 
(IC ° 100 /iAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(lE = 100/iAdc,lc " 0> 


Collector Cutoff Current 
(VCE " 25 Vdc,Ib " 0) 


Cotlector Cutoff Current 
(vCb ° 2Q vdc ie ° Q) 


Emitter Cutoff Current 
(VEBIoff) = 4.0 Vdc,lc = 0) 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 100mAdc, Vce = 1-0Vdc) 
dC = 500mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(lC = SOO mAdc, Ib = 50 mAdc) 


Base-Emitter On Voltage 
(IC = 500 mAdc, VcE ' 
1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10mAdc, Vce = 1°Vdc. f = 30MHz) 


Output Capacitance 
(VCB " 10Vdc, Ie°0i(= 100kHz) 
(2)Pulse Test: Pulse Width « 300 /ts, DutyCycle* 2.0%. 


MOTOROLA SEMICONDUCTORS 


2-156 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'CEO 


•CBO 


<EBO 


hFE 


VCE(sat) 


VBE(on) 


cobo 


Min 


5.0 


35 
50 
50 


Max 


25 


25 


100 


100 


100 


200 


0.5 


1.2 


30 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
45 
Vdc 
Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
XAV 
Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS(TA = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 
Symbol 


MPS6565 
MPS6566 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N3903 for graphs. 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR(CEO 
45 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /iAdc, Ie = 0) 
v(BR)CBO 
60 
— 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 /iAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
'CBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, Vce = 10 Vdc) 
MPS6565 
MPS6566 


hFE 
40 
100 


- 
160 
400 


- 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
0.1 
0.4 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb ° io vdc. Ie = o. f = lo mhz) 


SMALL-SIGNAL DEVICES 


cobo 


2-157 


3.5 
pF 


MOTOROLA SEMICONDUCTORS 


MPS6568A 
thru 
MPS6570A 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


VHF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
m\NI°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Cased) 
Rfljc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


(1) RgjA is measured with the device soldered intoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta ° 25"C unless otherwise noted.) 
Symbol 
Max 
Unit 
| 
Characteristic 
Min 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /«Adc. Ie = 0) 
V(BR)CBO 
20 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 /iAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, ic = o) 
>CBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 4.0 mAdc, Vce 
5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(lC= 10 mAdc,Ifl = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(lC" 10 mAdc, Ib ° 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vce = 10Vdc, f = 100MHz) 
MPS6568A 
MPS6569A, MPS6570A 


Collector-Base Capacitance 
(VCB ° 1°Vdc. IE = 0.f ° 1° MHz< emitter guarded) 
MPS6S68A/6S70A 


Noise Figure 
(VAGC = 1-4 Vdc, Rs = 50ohms,f = 200 MHz) 
MPS6568A 
(VAGC ° 2.75 Vdc. Rs ° SO ohms, f ° 45MHz) 
MPS6569A, MPS6670A 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Vagc = 1-4 Vdc, Rs ° 50ohms,f = 200 MHz) 
MPS6568A 
(VAGC = 2.75 Vdc, Rs ° SO ohms, f = 45 MHz) 
MPS6S69A, MPS6570A 


Forward AGC Voltage 
(Gain Reduction = 30dB,Rs = 50ohms,f = 200MHz) MPS6568A 
(Gain Reduction = 30dB,Rs = 50ohms,f = 45 MHz) 
MPS6569A 
MPS6570A 


MOTOROLA SEMICONDUCTORS 


2-158 


hFE 


VcE(sat) 


VBE(sat) 


Ccb 


NF 


ape 


vagc 


20 


0.1 


375 
300 


20 
22.S 


4.0 
4.4 
5.2 


200 


3.0 


0.96 


800 
800 


0.65 


3.3 
6.0 


27 
28.5 


5.0 
5.4 
6.2 


Vdc 


Vdc 


MHz 


pF 


dB 


dB 


Vdc 


SMALL-SIGNAL DEVICES 


MPS6568A thru MPS6507A 


AGC CHARACTERISTICS 
Vcc = 12Vdc. Rs- 50 OHMS. SEE FIGURES 9 AND 10 
f = 45MHz 
f = 200MHr 
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FIGURE 1 — POWER GAIN 
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RGURE 3 — 200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) 


, VAGC( 


2.2 kQ< 
*4W : 
1000pF 


Vcc = 12V 


270 n 
V4W 


0.7-10 pFjy 
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7T 
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-7b^ 
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INPUT 


RFBEADS 
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©HI- 
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390Q $ 
V4W 
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T, = FERRITE CORE INDIANA GEN. CORP. F-684 
T, = 6 TURNS #16 BUSS WIRE. ID= M". L= H" 


SMALL-SIGNAL DEVICES 


FIGURE 2 — NOISE RGURE 
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RGURE 4 — 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRAUZED) 


Vagc* 


1000pF 


50(2 
INPUT 


2.2 kQ 
14W 


©-)!- 
0.002 fj 


RFBEADS 
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MPS6571 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPUFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
20 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25*C 
pd 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc - 25°C 
Derate above 25*C 
pd 
1.5 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
'CAN 


Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Mfn 
typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 1.0mAdc, Ib ° 0) 


Collector-Base Breakdown Voltage 
(1C = 100/iAdc. Ie = 0) 


Collector Cutoff Current 
(Vcb ° 20 vdc. Ie ° Q) 


Emitter Cutoff Current 
(VEB(offl°3.0Vdc,lC = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dc = loo /iAdc. Vce ° 5-Q Vdc> 


Collector-Emitter Saturation Voltage 
dC = 10mAdc. Ib° 1.0mAdc) 


Base-Emitter On Voltage 
dC ~ 10 mAdc. Vce = 5.0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC ° 500/iAdc. Vce " S-0 Vdc' * " 20 MH*) 
Output Capacitance 
(Vcb " 5.0Vdc. Ie = 0.f = 100 kHz) 


Noise Rgure 
dc = 100 /iAdc, Vce = 5-0 Vdc> RS " 1° kohms, f = 100 Hz) 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


(CBO 


lEBO 


hFE 


VCE(sat) 


VBE(on) 


C0bo 


NF 


2-160 


20 
Vdc 


25 
Vdc 


50 
nAdc 


50 
nAdc 


250 
1000 


0.5 
Vdc 


0.8 
Vdc 


50 
175 
MHz 


4.5 
PF 


1.2 
dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS6573MPS6575 
MPS6574MPS6576 
Unit 


Collector-Emitter Voltage 
VCEO 
35 
45 
Vdc 


Collector-Base Voltage 
VCBO 
35 
45 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
'C 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
PD 
625 
5.0 
mW 
mW/°C 
Total Device Dissipation (g> Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJAd) 
200 
'CAN. 
(D R&JA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 1-0 mAdc, Ib = 0) 


Collector Cutoff Current 
(vCB = 35 vdc, Ie = o» 
(Vcb ° ^5 vdc, ie ° o) 


Emitter Cutoff Current 
(Veb = 4.0 Vdc, IC = 0) 


ON CHARACTERISTICS 


MPS6573, MPS6574 
MPS6575, MPS6576 


MPS6573, MPS6574 
MPS6575, MPS6576 


MPS6573 
thru 
MPS6576 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AUDIO TRANSISTOR 


NPN SILICON 


Refer to MPS3903 for graphs. 


Symbol 
MIn 
Max 


v(BR)CEO 


ICBO 


35 
45 


100 
100 


Unit 


Vdc 


nAdc 


>EBO 
100 
nAdc 


DC Current Gain 
(lC = 100 /iAdc, Vce = 5.0 Vdc) 
MPS6573.MPS6575 
dC = 10 mAdc, Vce = 5.0 Vdc)(2) 
MPS6573,MPS6575 
dC = 10 mAdc, Vce = 5.0 Vdc) 
MPS6574, MPS6576I2) 


hFE 
100 
200 
100 
500 
300 


— 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1-0 mAdc) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage(2) 
dC = 10 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
0.8 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 100 kHz) 
fT 
100 
350 
MHz 


Output Capacitance 
(VCb = 12 Vdc, lE = 0, f = 100 kHz) 
C0bo 
— 
12 
PF 


(2)Pulse Test: Pulse Width «s300 fts. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPS6580 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to MPSH81 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RftJAlD 
200 
"CAV 


(1)Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
25 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 /iAdc, Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(l£ = 10 /iAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 vdc, t£ = o) 
<CBO 
— 
— 
100 
nAdc 


Emitter Cutoff Current 
(vBe = 2.0 vdc, ic = o) 
•ebo 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 2.0 mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 2.0 mAdc, Ib = 02 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 2.0mAdc, Vce = 10V<fo f ° 100MHz) 


Collector-Base Capacitance 
(Vcb ° io Vdc' 'e ° o.f = 10° MH*> 
(2) Pulse Test: Pulse Width <s300 us. Duty Cycle <s 2.0%. 


MOTOROLA SEMICONDUCTORS 


hFE 


VCE(sat) 


Ccb 
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20 


0.5 
Vdc 


450 
MHz 


0.5 
1.0 
PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
MPS6601/6651 
MPS6602/6652 


VCEO 
25 
40 


Vdc 


Collector-Base Voltage 
MPS6601/6651 
MPS6602/6652 


VCBO 
25 
30 


Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
1000 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/T 


Total Device Dissipation @Tq = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj- Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rajc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJAd) 
200 
'CAN 


(1) RflJAis measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


NPN 
MPS6601 
MPS6602 
PNP 
MPS6651 
MPS6652 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
MPS6601/6651 
MPS6602/6652 


v(BR)CEO 
25 
40 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /iAdc. l£ = 0) 
MPS6601/6651 
MPS6602/6652 


V(BR)CBO 
25 
40 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 /iAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 25 Vdc, Ib = 0) 
MPS6601/6651 
(Vce = 30 Vdc, Ib = 0) 
MPS6602/6652 


•ceo 


- 
0.1 
0.1 


/iAdc 


Collector Cutoff Current 
(Vcb = 25 Vdc, l£ = 0) 
MPS6601/6651 
(Vcb = 30 Vdc, Ie = 0) 
MPS6602/6652 


'CBO 


- 
0.1 
0.1 


/iAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 100 mAdc, Vce = 10 Vdc) 
(lC = 500 mAdc, Vce = 10 Vdc) 
(lC = 1000 mAdc, Vce = 10 Vdc) 


hFE 
50 
50 
30 


- 


Collector-Emitter Saturation Voltage 
(lC = 1000 mAdc, Ib = 100 mAdc) 
VCE(sat) 
— 
0.6 
Vdc 


Base-Emitter On Voltage 
dC = 500 mAdc, Vce = 1-0Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc, f = 30 MHz) 
fT 
100 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
C0bo 
— 
30 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 40 Vdc. lc = 500 mAdc, 
Ibi - 
50 mAdc, 
tp s= 300 ns DutyCycle) 


td 


— 
25 
ns 


Rise Time 
tr 


— 
30 
ns 
Storage Time 
ts 


— 
250 
ns 


Fall Time 
tf 
— 
50 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 1 - 
SWITCHING TIME TEST CIRCUITS 
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FIGURE 2 - 
MPS6601/6602 DC CURRENT GAIN 
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FIGURE 4 - 
CURRENT GAIN BANDWIDTH PRODUCT 
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FIGURE 3 - 
MPS6651 /66S2 DC CURRENT GAIN 
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FIGURE 5 - 
CURRENT GAIN BANDWIDTH PRODUCT 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 6 - 
ON VOLTAGES 
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FIGURE 8 - 
CAPACITANCE 
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FIGURE 10-- 
MPS6601/6602 NOISE FIGURE 
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FIGURE 7 — ON VOLTAGES 
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FIGURE 9 - 
CAPACITANCE 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 12 - 
MPS6601/6602 SWITCHING TIMES 
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FIGURE 14 - 
BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 16 - 
SAFE OPERATING AREA 
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FIGURE 13 - 
MPS6651/6652 SWITCHING TIMES 
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FIGURE 16 - 
BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 17 - 
SAFE OPERATING AREA 
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r(l|. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL RESISTANCE 
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MPS6714 
MPS6715 


CASE 2903, STYLE 1 
TO-92 (TO-226 AE) 


AMPURER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
MPS6714 
MPS6715 


Vceo 
30 
40 


Vdc 


Collector-Base Voltage 
MPS6714 
MPS6715 


VcbO 
40 
50 


Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
50 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
"CAV 


Refer to MPSW01 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC= 10 mAdc, Ib = 0) 
MPS6714 
MPS6715 


V(BR)CEO 
30 
40 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 100uAdc,Ig = 0) 
MPS6714 
MPS6715 


V(BR)CBO 
40 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 100 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40Vdc,Ie = 0) 
MPS6714 
(VCB = 50 Vdc,Ie = 0) 
MPS6715 


>CBO 


- 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(vEb = 5.o vdc, ic = o) 
>EBO 
— 
0.1 
uAdc 


ON CHARACTERISTtCSd) 


DC Current Gain 
dc = 100 mAdc. Vce = 10 Vdc) 
(lC = 1000 mAdc,Vce = 1.0 Vdc) 


hFE 
60 
50 
250 


•~ 


Collector-Emitter Saturation Voltage 
dC = 1000 mAdc, Ib = 100 mAdc) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
(lC = 1000 mAdc, Vce = 10 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcb = 10 vdc, iE = o, f = i.o mhz) 
Ccb 
— 
30 
PF 


Small-Signal Current Gain 
dC = 50 mAdc, VCE = 10 Vdc, f = 20 MHz) 
hfe 
2.5 
25 
— 


(1) Pulse Test: Pulse Width « 30 us. Duty Cycle =s2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-168 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS6S16 
MPS6517 
Unit 
Collector-Emitter Voltage 
VCEO 
60 
80 
Vdc 


Collector-Base Voltage 
VCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25"C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Ts,g 
-55 to +150 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
"CAV 


MPS6716 
MPS6717 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MPSW05 for graphs. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, b = 0) 
MPS6716 
MPS6717 


V(BR)CEO 
60 
80 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 uAdc, Ie = 0) 
MPS6716 
MPS6717 


V(BR)CBO 
60 
80 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Cotlector Cutoff Current 
(Vcb = 40 vdc, Ie = o) 
(vCb = 60 vdc, ie = o) 
MPS6716 
MPS6717 


ICBO 


- 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(Veb = 5.o vdc, ic = o) 
'EBO 
— 
10 
uAdc 


ON CHARACTERISTlCSd) 


OC Current Gain 
dC = 50 mAdc, Vce = 1-0 Vdc) 
dC = 250 mAdc, Vce = 10 Vdc) 


"FE 
80 
50 
250 


— 


Collector-Emitter Saturation Voltage 
dC = 250 mAdc, Ib = 10 mAdc) 
vCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
dC = 250 mAdc, Vce = 1.0 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcb = 10 vdc. Ie = o, f = 1.0 mhz) 
Ccb 
— 
30 
PF 


Small-Signal Current Gain 
dC = 200 mAdc, Vce = 5.0 Vdc, f = 20 MHz) 
hfe 
2.5 
25 
— 


(1) Pulse Test: Pulse Width =s300 us, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-169 


MPS6724 
MPS6725 


CASE 29-03, STYLE 1 
(TO-226 AE) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS6724 
MPS6725 
Unit 


Collector-Emitter Voltage 
Vces 
40 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
60 
Vdc 


Emitter-Base Voltage 
vebo 
12 
Vdc 


Collector Current — Continuous 
ic 
1000 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/X 


Total Device Dissipation @ Tc - 25°C 
Derate above 25"C 
pd 
2.5 
20 
Watts 
mW/"C 


Operating and Storage Junction 
Temperature Range 
"•"j. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
•CAV 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
MPS6724 
MPS6725 


V(BR)CES 
40 
50 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = LOuAdc, Ie = 0) 
MPS6724 
MPS672S 


V(BR)CBO 
50 
60 


- 
Vdc 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, lc = 0) 
V(BR)EBO 
12 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
{Vcb = 40 vdc, ie = o) 


MPS6724 
MPS6725 


ICBO 


- 
100 
100 


nAdc 


Emitter Cutoff Current 
(Veb = 10 vdc, ic = o) 
>EBO 
— 
100 
nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 200 mAdc, Vce = 5.0 Vdc) 
dC = 1000 mAdc, Vce = 5.0 Vdc) 


hFE 
25,000 
4,000 
40,000 


Collector-Emitter Saturation Voltage 
dC = 1000 mAdc, Ib = 2.0 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Vottage 
dC = 1000mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 200 mAdc,Vce = 5.0 Vdc.f = 100 MHz) 
fT 
100 
1000 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0. f = 1.0 MHz) 
Ccb 
— 
10 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


2-170 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
MPS6726 
MPS6727 


VcEO 
30 
40 


Vdc 


Collector-Base Voltage 
MPS6726 
MPS6727 


VcBO 
40 
50 


Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
<C 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
°CAV 


MPS6726 
MPS6727 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


AMPUFIER TRANSISTOR 


PNP SIUCON 


Refer to MPSW51 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
MPS6726 
MPS6727 


V(BR)CEO 
30 
40 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, lE = 0) 
MPS6726 
MPS6727 


V(BR)CBO 
40 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 vdc, Ie = o) 
(Vcb - 50 Vdc, l£ = 0) 
MPS6726 
MPS6727 


•CBO 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(vEb = 5.o vdc, ic = o) 
<EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 100 mAdc, VCe = 1-0 Vdc) 
dC = 1000 mAdc, Vce = 10 Vdc) 


hFE 
60 
50 
250 


— 


Collector-Emitter Saturation Voltage 
dC = 1000 mAdc, Ib = 100 mAdc) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
dC = 1000 mAdc, Vce = 1.0 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
Wcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
30 
PF 


Small-Signal Current Gain 
dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
hfe 
2.5 
25 
— 


(1) Pulse Test: Pulse Width =s 300 us. Duty Cycle <s 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-171 


MPS6728 
IY1PS6729 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS6728 
MPS6729 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
80 
Vdc 


Collector-Base Voltage 
VCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
vEbo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


Total Device Dissipation <S Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj.T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
•CAV 


Refer to MPSW55 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 1.0mAdc, Ib = 0) 
MPS6728 
MPS6729 


V(BR)CEO 
60 
80 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100uAdc, Ie = 0) 
MPS6728 
MPS6729 


V(BR)CBO 
60 
80 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Veb = 5.o vdc, ic = o) 
•ebo 
— 
10 
uAdc 


Emitter Cutoff Current 
(VCb = 40 Vdc, Ie = 0) 
MPS6728 
(Vcb = 60 Vdc, Ie = 0) 
MPS6729 


"CBO 


- 
0.1 
0.1 


uAdc 


ON CHARACTERiSTlCSd) 


DC Current Gain 
dC = 50 mAdc,Vce = 1-° Vdc) 
dC = 250 mAdc, Vce = 1-0Vdc) 


Collector-Emitter Saturation Voltage 
dC ° 250 mAdc,Ib = 10 mAdc) 


Base-Emitter On Voltage 
dC = 250 mAdc, Vce = 1.0 Vdc) 


SMALL-SIGNALCHARACTERISTICS 


Collector-Base Capacitance 
(VCB = 10 VdC 'E = 0. f ° 1-° MH*> 
Small-Signal Current Gain 
dC ° 200 mAdc. Vce ° 5.0 Vdc,f 
20 MHz) 


(1) Pulse Test: Pulse Width =s300 us. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 


2-172 


hFE 


VCE(sat) 


VBE(on) 


Ccb 


80 


SO 


2.5 


250 


0.5 


1.2 


30 


25 


Vdc 


Vdc 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS6735 
MPS6734 
MPS6733 
Unit 
Collector-Emitter Voltage 
VCEO 
300 
250 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
250 
200 
Vdc 
Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — 
Continuous 
ic 
300 
mAdc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


PD 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Pd 
2.5 
20 
Watts 
mW/°C 
Operating and Storage 
Junction 
Temperature Range 


Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
50 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
•CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS6733 
MPS6734 
MPS6735 


CASE 29-03, STYLE 1 
TO-92 (TO-226 AE) 


HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


Refer to MPSW42 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
v(BR)CEO 
Vdc 
dc = 10 mAdc, Ib = 0) 
MPS6735 
300 
MPS6734 
250 
MPS6733 
200 
— 
Collector-Base Breakdown Voltage 
v(BR)CBO 
Vdc 
dC = 100 uAdc, Ie = 0) 
MPS6735 
300 
MPS6734 
250 
MPS6733 
200 
— 
Emitter-Base Breakdown Voltage 
v(BR)EBO 
6.0 


_ 
Vdc 
(IE = 100 uAdc, lc = 0) 


Collector Cutoff Current 
•CBO 
uAdc 
(VCb = 260 Vdc, lE = 0) 
MPS6735 
0.1 
(vCb = 200 vdc, iE = o) 
MPS6734 
0.1 
(Vcb = 160 vdc, ie = o) 
MPS6733 
— 
0.1 


Emitter Cutoff Current 
>EBO 
0.1 
uAdc 
(VEB = 6.0 Vdc. lc = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VCe = 10 Vdc) 
dC = 10 mAdc, VCe = 10 Vdc) 


hFE 
25 
40 
200 


- 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 
VcE(sat) 
— 
2.0 
Vdc 


Base-Emitter On Voltage 
(lC = 20 mAdc. Vce = 10 Vdc) 
vBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 
fT 
50 
200 
MHz 


Collector-Base Capacitance 
(Vcb = 20 vdc, Ie = o, f = lo mhz) 
Ccb 
— 
3.0 
PF 


(1)Pulse Test: Pulse Width =s 300 us, Duty Cycle *s2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-173 


MPS8093 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VceO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mwrc 


Total Device Dissipation @ Tc = 60°C 
pd 
450 
mW 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
•CAV 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
| 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 mAdc) 


Collector-Base Breakdown Voltage 
(IC = IQOuAdc) 


Emitter-Base Breakdown Voltage 
(lE = 100uAdc) 


Collector Cutoff Current 
(VCB " 20 V) 


Emitter Cutoff Current 
(VBE " 3-0 V) 


ON CHARACTERISTICS 


DC Current Gain 
dC " 50 mAdc,Vce " 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC ° 60 mAdc, Ib ° 6.0 mAdc) 


Base-Emitter On Voltage 
dC = 50 mAdc, Vce ° 20 V) 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


V{BR)EBO 


ICBO 


>EBO 


hFE 


VCE(sat) 


VBE(on) 


2-174 


40 
Vdc 


40 
Vdc 


5.0 
Vdc 


nAdc 


100 
nAdc 


100 
300 


0.25 
Vdc 


0.6 
1.0 
Vdc 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25'C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJAlD 
200 
•CAV 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPS8097 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MPSA18 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
- 
Vdc 


Collector Cutoff Current 
(vCb = 40 vdc, Ie = oj 
(Vcb = 60 vdc, ie = oi 


ICBO 


- 
30 
10 
nAdc 
uAdc 


Emitter Cutoff Current 
(vBe = 6.o vdc, ic = o) 
•ebo 
— 
20 
nAdc 


ON CHARACTERISTICS^ 


DC Current Gain 
(lC = 100 uAdc, Vce = 5.0 Vdc) 
hFE 
250 
700 
- 


Base-Emitter On Voltage 
dC = 100 uAdc, Vce = 5.0 Vdc) 
VBE(on) 
0.45 
0.65 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(vCb = 5.0 vdc, ie = o. f = 1.0 mhz) 
Cobo 
1.0 
4.0 
PF 


Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, lc = 0. f = 1.0 MHz) 
Ceb 
— 
10 
PF 


Small-Signal Current Gain 
dC = 100 uAdc. VCe = 5.0 Vdc, f = 1.0 kHz) 
hfe 
250 
800 
— 


Noise Figure 
dC = 100 uAdc,Vce = 5.0 Vdc,Rs = kOhms,f = 10 Hzto 15.7KHz) 
NF 
— 
2.0 
dB 


Equivalent Short Circuit Noise Voltage 
(lC = 100 uAdc,Vce = 5.0 Vdc,Rs = 10 kOhms,f = 100Hz, Bw = 1.0 Hz) 
en 
— 
32 
nV/VRi 


(1) RflJA >s measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width =s300 us. Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 


2-175 


MOTOROLA SEMICONDUCTORS 


NPN 
MPS8098 
MPS8099 


PNP 
MPS8598 
MPS8599 


CASE 29-02, STYLE 1 
TO-92 ITO-226AA) 


AMPLIFIER TRANSISTOR 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS8098MPS809S 
MPS8598MPS8593 
Unit 


Collector-Emitter Voltage 
VCEO 
60 
80 
Vdc 


Collector-Base Voltage 
VCBO 
60 
80 
Vdc 


MPS8038MPS85S8 
MPS809SMPS8599 


Emitter-Base Voltage 
vebo 
6.0 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
He = 10 uAdc, lc = 0) 


Collector Cutoff Current 
(Vce = 60 Vdc. Ib = 0) 


Collector Cutoff Current 
(Vcb = 60 Vdc, Ie = 0) 
(Vcb = so vdc, Ie = o) 


Emitter Cutoff Current 
(Veb = 6.o vdc, ic = o) 
(Veb = 4.o vdc, tc = Q) 


ON CHARACTERISTlCSd) 
DCCurrent Gain dc = 1.0 mAdc,Vce = 5.0Vdc) 
dC = 10 mAdc, Vce = 5.0Vdc) 
0(IC = 10° mAdc' VCE " 5.0Vdc) 


MPS80S8, MPS8598 
MPS8099, MPS8599 


MPS8098, MPS8598 
MPS8099, MPS8599 


MPS8098, MPS8099 
MPS8598, MPS8599 


MPS8098, MPS8598 
MPS8099, MPS8599 


MPS80S8, MPS8099 
MPS8598, MPS8599 


Collector-Emitter SaturationVoltage dc = 100mAdc, Ib = 5.0mAdc) 
(lC = 100 mAdc.Ib = 10 mAdc) 


Base-Emitter On Voltage 
dC = 1.0 mAdc,Vce = 50 Vdc) 
dC = 10 mAdc,Vce " 5-0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc,Vce ° 5.0 Vdc,f 
100 MHz) 


Output Capacitance 
(vCb = 5.o vdc, ie 
0,f = 1.0 MHz) 


Input Capacitance 
(vBe = 0.5 vdc, ic = o, f 
1.0 MHz) 


MPS8098, MPS8598 
MPS8099, MPS8599 


MPS8098, MPS8099 
MPS8598, MPS8599 


MPS8098, MPS8099 
MPS8598, MPS8599 


(1)Pulse Test: Pulse Width « 300 us. Duty Cycle = 2.0%. 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'CEO 


"CBO 


>EBO 


hFE 


VCE(sat) 


VBE(on) 


Cobo 


Cibo 


Min 


60 
80 


6.0 
5.0 


100 
100 
75 


0.5 
0.6 


150 


Max 


0.1 


0.1 
0.1 


0.1 
0.1 


300 


0.4 
0.3 


0.7 
0.8 


6.0 
8.0 


25 
30 


Unit 


Vdc 


Vdc 


Vdc 


uAdc 


uAdc 


uAdc 


Vdc 


Vdc 


MHz 


pF 


pF 
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FIGURE 1 - 
SWITCHING TIME TEST CIRCUITS 
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FIGURE 2 - CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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FIGURE 3 - 
CAPACITANCE 


Tj 
1 
•25°C 


Si)v\ 


vce-io v>\ 
^ 


40 
Tj-25<>C 


C 
20 


u 
z 


S 
10 


('ibo 


£ 


o- 6.0 


4.0 
>ss 
Cobo 


0.5 
1.0 
2.0 
5.0 
10 
20 
Vr. REVERSE VOLTAGE (VOLTS) 


Tj-25°C 


Cjbo 


\^>bo 


1 '° 
5 
8.0 
£ 
< 
6.0 


u* 


4.0 


0.5 
1.0 
2.0 
5.0 
10 
20 
50 
100 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 - 
SWITCHING TIMES 
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FIGURE 5-THERMAL RESPONSE 
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FIGURE 7 - 
DC CURRENT GAIN 
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FIGURE 8 - "ON" VOLTAGES 
FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 10 - BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 11 - 
DC CURRENT GAIN 
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FIGURE 13 - COLLECTOR SATURATION REGION 
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F IGURE 14 - 
BASE-EMITTER TEMPERATURE COEFFICIENT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSA05 
MPSA55 
MPSA06 
MPSA58 
Unit 


Collector-Emitter Voltage 
Vceo 
60 
80 
Vdc 
Collector-Base Voltage 
VcbO 
60 
80 
Vdc 


Emitter-Base Voltage 
VebO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW7°C 
Total Device Dissipation <STc = 25'C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mWVC 
Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


f 
Characteristic 
Symbol 
Max 
UnH 
| Thermal Resistance, Junction to Case 
Rajc 
83.3 
°CAV 
j Thermal Resistance, Junctionto Ambient 
R&jAd) 
200 
"CAV 
(1)RflJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


NPN 
MPSA05 
MPSA06 


PNP 
IY1PSA55 
IY1PSA56 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
(lC = 1.0 mAdc, Ib = 0) 
MPSA05,MPSA55 
MPSA06, MPSA56 


V(BR)CEO 
60 
80 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 100 /iAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 60 vdc, ie = o) 
>CEO 
— 
0.1 
fiAdc 


Collector Cutoff Current 
(VCB = 60 Vdc, Ie = 0) 
MPSAOS, MPSA55 
(Vcb = 80 Vdc, Ie = 0) 
MPSAC6, MPSA56 


>CBO 


- 
0.1 
0.1 


pAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, VCe = 10 Vdc) 
(lC = 100 mAdc, Vce = 1.0 Vdc) 


hFE 
50 
50 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, lB = 10 mAdc) 
vCE(sat) 
— 
0.25 
Vdc 


Base-Emitter On Voltage 
(lC = 100 mAdc, VCe = 10 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mA, Vce = 2.0 V, f = 100 MHz) 
MPSA05 
MPSA08 


dC = 100 mAdc, Vce = 10 Vdc, f = 100 MHz) 
MPSA55 
MPSA56 


fT 
100 


50 


_ 


MHz 


(1) Pulse Test: Pulse Width <s 300 fts, Duty Cycle =s 2.0% 
(2)fj is defined as the frequencyat which|hfe| extrapolatesto unity, 
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FIGURE 1 - 
SWITCHING TIME TEST CIRCUITS 
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FIGURE 2 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 4 - 
SWITCHING TIME 
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FIGURE 8 - "ON" VOLTAGES 


III 
1 
-•Tj- 
1 
"." 
VBEteoeif./lB-10 


\/BE omevCE'l-OV. 


\ 
1 
^lB'10 
h H44TTTT— 


5 
0.4 


S 
1.0 
2.0 
S.0 
10 
20 
SO 
IC.COLLECTOR CURRENT (mA) 


100 
200 
SOO 


1.0 


0.8 


g 
0 
> 
0 


FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 10 - BASE-EMITTER TEMPERATURE COEFFICIENT 
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MPSA09 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
VcBO 
50 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta = 2S°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
'CAN 


Refer to MPSA18 for graphs. 


ELECTRICALCHARACTERISTICS (TA° 25°C unless otherwise noted.) 


UnH 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC= 0.1 mAdc, Ig =• 0) 


Collector Cutoff Current 
(Vcb = 30 vdc, ig = o) 


Emitter Cutoff Current 
(Vbe ° 3.Qv«<c. ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce 
5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(lC= 10 mAdc,Ib ° 1.0mAdc) 


Base-Emitter On Voltage 
dC = 1.0mAdc, Vce = SOVdc> 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 0.5 mAdc, Vce = 5.0Vdc, f ° 20 MHz) 


Output Capacitance 
(Vcb = 5.Qvdc, Ie 
0, f = 100 kHz) 


Noise Rgure 
dC = 0.1 mAdc, Vce = 5-0Vdc, 
RS = 0.8 k ohms, f = 1.0 kHz) 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CEO 


V(BR)CBO 


•CBO 


>EBO 


hFE 


VCE(sat) 


VBE(on) 


C0bo 


NF 


2-186 


Min 
Typ 
Max 


50 
Vdc 


50 
Vdc 


100 
nAdc 


100 
nAdc 


100 
600 


0.9 
Vdc 


1.0 
Vdc 


30 
80 
MHz 


5.0 
PF 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mWVC 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R«jc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSA10 


CASE 29-02. STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MPS3903 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc. Ib = 0) 
V(BR)CEO 
40 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 AiAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc, Ie = o) 
ICBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC ° 5.0 mAdc, Vce ° 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


hFE 
40 
400 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
h 
125 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
C0bo 
— 
4.0 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


2-187 


MPSA12 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCES 
20 
Vdc 
I 


Emitter-Base Voltage 
VEBO 
10 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°c/w 


Refer to 2N6426 for graphs. 


ELECTRICALCHARACTERISTICS (TA = 25"C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc ° 100MAdc, Ib = 0) 


Collector Cutoff Current 
(Vcb = is vdc, Ie ° Q) 


Collector Cutoff Current 
(vCe = is vdc, Vbe ° 


Emitter Cutoff Current 
(vEb ° io vdc. ic ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, Vce 
5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC ° 10 mAdc,Ib ° 0.01 mAdc) 


Base-Emitter On Voltage 
dC ° 10 mAdc.Vce ° 5-0Vdc) 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CES 


ICBO 


"CES 


<EBO 


hFE 


VCE(sat) 


vbe 


2-188 


Min 
Typ 
Max 
Unit 


20 
Vdc 


100 
nAdc 


nAdc 


100 
nAdc 


20,000 


1.0 


1.4 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCES 
30 
Vdc 
Collector-Base Voltage 
VCBO 
30 
Vdc 
Emitter-Base Voltage 
vebo 
10 
Vdc 
Collector Current — Continuous 
ic 
500 
mAdc 
TotalDevice Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/T 
TotalDevice Dissipation @ Tc = 25°C 
berate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
- 
55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Case 
Rfljc 
83.3 
°CAV 
Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


. 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltage 
(lC ° 100,uAdc, lB = 0) 


Collector Cutoff Current 
(VCB = 30 Vdc, lE = 0) 


Emitter Cutoff Current 
(Vbe = 1Q vdc, ic = o) 


ON CHARACTERISTICS(I) 


DC Current Gain 
(lC = 10 mAdc,Vce = 5-0Vdc) 


dC = 100mAdc,Vce = 5-0Vdc) 


Collector-Emitter SaturationVoltage 
dC = 100 mAdc,Ib = 0.1 mAdc) 
Base-Emitter On Voltage 
dC = 100mAdc, VCE 5 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain— Bandwidth Product(2) 
dC = 10 mAdc, Vce = 50 Vdc, f = 100MHz) 
(1) Pulse Test: Pulse Width =s 300fts, Duty Cycle « 2.0% 
(2)fr = [hfel •ftest- 


SMALL-SIGNAL DEVICES 


MPSA13 
MPSA14 


MPSA13 
MPSA14 


2-189 


MPSA13 
MPSA14 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Refer to 2N6426 for graphs. 


Symbol 
MIn 
Max 
Unit 


V(BR)CES 


ICBO 


>EBO 


hpE 


VCE(sat) 


Vbe 


30 


5000 
10,000 


10,000 
20,000 


125 


Vdc 


100 
nAdc 


100 
nAdc 


1.5 
Vdc 


2.0 
Vdc 


MHz J 


MOTOROLA SEMICONDUCTORS 


MPSA16 
MPSA17 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


VEBO 


PD 


pd 


Tj, Tstg 


MPS-A16MPS-A17 


40 


15 


100 


625 
5.0 


1.5 
12 


-55 to +150 


Unit 


Vdc 


Vdc 


mAdc 


mW 
mW/X 


Watt 
mW/°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
•CAV 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
'CAN 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0mAdc, Ib - 0) 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 30vdc, Ie = Q) 


Emitter Cutoff Current 
(VBE = 10Vdc, lc = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(IC ° 5.0mAdc, VcE = 1° Vdc) 
Collector-Emitter Saturation Voltage 
(lc =• 10 mAdc,Ib = 1-0mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC= 5.0mAdc, Vce = 1°Vdc, f = 100 MHz) 


Output Capacitance 
(VCB " 10Vdc- IE ° 0.f = 100 kHz> 


MOTOROLA SEMICONDUCTORS 


MPS-A16 
MPS-A17 


MPS-A16 
MPS-A17 


2-190 


V(BR)CEO 


V(BR)EBO 


ICBO 


•EBO 


hFE 


VCE(sat) 


C0bo 


40 


200 


100 
80 


100 


100 


600 


0.25 


4.0 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


MHz 


PF 


SMALL-SIGNAL DEVICES 


FIGURE 1 - OC CURRENT GAIN 


1.0 
2.0 


>C. COLLECTOR CURRENT(mA) 


FIGURE 2-SMALLSIGNAL CURRENT GAIN 
FIGURE 3-SATURATION AND ON VOLTAGES 
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lC. COLLECTOR CURRENT (mA) 


FIGURE 4 -CURRENT-GAIN-BANOWIDTH PRODUCT 
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SMALL-SIGNAL DEVICES 
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IC. COLLECTOR CURRENT (mA) 


FIGURE 5 -OUTPUT CAPACITANCE 
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Vh. REVERSE VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


MPSA18 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


LOW NOISE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta 
Derate above 25X 


25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction 
TemperatureRange 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Symbol 


VCEO 


VCBO 


VEBO 


pd 


pd 


Tj. Tstg 


Symbol 


RflJC 


RflJAd) 


Value 


45 


45 


6.5 


200 


625 
5.0 


1.5 
12 


-55 to +150 


Max 


83.3 


200 


UnH 


Vdc 


Vdc 


Vdc 


mAdc 


mW 
mW/°C 


Watts 
mW/°C 


UnH 


'CAN 


'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25"C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
j 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC= 10mAdc, Ib ° 0) 


Collector-Base Breakdown Voltage 
(IC = 100 ftAdc, lE = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 10ftAdc. lc ° 0) 


Collector Cutoff Current 
(VCB " 30 Vdc.Ig = 0) 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 uAdc. Vce = 5.0Vdc) 
dC = 100uAdc. Vce = 50 Vdc) 
dC = 1.0mAdc, Vce = 5.0Vdc) 
(lC= 10 mAdc. Vce = 50 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10mAdc, Ib = 0.5mAdc) 
dC ° 50 mAdc,Ib = 5.0 mAdc) 


Base-Emitter On Voltage 
(IC = 1.0mAdc, Vce = 5-0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC= 1.0mAdc, Vce = s-° Vdc. f a 100 MHz) 


Collector-Base Capacitance 
(vCb ° s°Vdcie°o.< 
1.0 MHz) 


Emitter-Base Capacitance 
(Veb ° o-s vdc ic = o. f 
1.0 MHz) 


Noise Figure 
(IC = 100uAdc. Vce = 5.0Vdc, Rs 
(lC = 100 ftAdc, Vce = 5.0 Vdc, Rs 
10kO,f = 10 Hz to 15.7 kHz) 
1.0kn,f= 100 Hz) 


EquivalentShort CircuitNoise Voltage 
(IC = 100 uAdc. Vce = 5.0 Vdc, Rs ° 1-0 kn,f = 100 Hz) 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


hFE 


VcE(sat) 


VBE(on) 


Ccb 


Ceb 


NF 


VT 


(D RflJA's measured with the device soldered into atypical printed circuit board. 
(2)Pulse Test: Pulse Width « 300 us. DutyCycle«s 2.0%. 


MOTOROLA SEMICONDUCTORS 
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45 
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400 
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500 


100 
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1150 
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nAdc 
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MHz 


pF 


PF 


dB 


nV/Vfiz 


SMALL-SIGNAL DEVICES 


MPSA18 


FIGURE 1 - TRANSISTOR NOISE MODEL 


NOISE CHARACTERISTICS 
(Vce " 5.0 Vdc.TA - 25°CI 


NOISE VOLTAGE 
FIGURE 2 - 
EFFECTS OF FREQUENCY 


30 


| 
20 


< 
I- 


° 
10 


CO 


a 
7.0 
z 


c 
" 
5.0 


II 


llll 
Ban 
1 II 
dwidth • 
1. 
1 1 1 
llll 
) Hi 


l( 
= 10 mA 
1 t 1 
RS * 0 


3.0 n A 


1.0 mA^ 


lA 
300/. 


• 


10 


7.0 


_ 
5.0 
% 3.0 


50 
100 
200 
500 
1.0 k 2.0 k 
5.0 k 10 k 20 k 
50 k 100 k 
I. FREQUENCY (Hj| 


FIGURE 4 - 
NOISE CURRENT 
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SMALL-SIGNAL DEVICES 


FIGURE 3 - 
EFFECTS OF COLLECTOR CURRENT 
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FIGURE 5 - WIDEBAND NOISE FIGURE 
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FIGURE 11 
- 
CAPACITANCE 
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FIGURE 12 - 
CURRENT-GAIN-BANOWIDTH PRODUCT 
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MOTOROLA SEMICONDUCTORS 


MPSA20 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Vottage 
Vcbo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Trj = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
83.3 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJAlD 
200 
"CAV 
Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc. ie = o) 
ICBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
(lC = 5.0 mAdc, Vce = 10 Vdc) 
hFE 
40 
400 
— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
0.25 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz 
fT 
125 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc. Ie = 0. f = 100 kHz) 
CODo 
— 
4.0 
pF 


(1) RflJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width « 300 us. Duty Cycle <s2.0%. 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol MPS-A25 MPS-A26 MPS-A27 
Unit 
Collector-Emitter Voltage 
VCES 
40 
50 
60 
Vdc 
Emitter-Base Voltage 
VEBO 
10 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


PD 
625 
5.0 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta - 25"C unlessotherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPSA25 
MPSA26 
MPSA27 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 100 uAdc. Vbe = 0) 
MPSA25 
MPSA26 
MPSA27 


V(BR)CES 
40 
50 
60 


- 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ie = 0) 
MPSA25 
MPSA26 
MPSA27 


V(BR)CBO 
40 
50 
60 


- 
- 


Vdc 


Collector Cutoff Current 
(Vcb = so v, ie = o) 
mpsa25 
(vCb = 40 v, ie = o) 
mpsa26 
(VCb =» 50 V. IE = 0) 
MPSA27 


ICBO 


- 


- 
100 
100 
100 


nAdc 


Collector Cutoff Current 
(vCe = 30 v, vBe = o) 
mpsa25 
(Vce = 40 V. VBE = 0) 
MPSA26 
(Vce = so v, Vbe = o) 
mpsa27 


ices 


- 
- 
500 
500 
500 


nAdc 


Emitter Cutoff Current 
(Vbe = 10 Vdc) 
•ebo 
— 
— 
100 
nAdc 


ON CHARACTERISnCSd) 


DC Current Gain 
dc = 10 mA. Vce = 5.0 V) 
dc = 100 mA, Vce = 5.0 V) 


hFE 
10,000 
10,000 


- 
- 


— 


Collector-Emitter Saturation Voltage 
(lC = 100 mA, Ib = 0.1 mAdc) 
VcE(sat) 
— 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
(lC = 100 mA, Vce = 5.0 Vdc) 
VBE(on) 
— 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(lC = 10 mA, VCe = 5.0 V, f = 100 MHz) 
hfe 
1.25 
2.4 
- 
- 


(1)Pulse Test: Pulse Width «s300 us, Duty Cycle *s2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPSA25, MPSA26, MPSA27 


FIGURE 1 — DC CURRENT GAIN 
FIGURE 2 — "ON" VOLTAGES 
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FIGURE S - 
ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 


Rating 
Symbol 
MPSA28 MPSA29 
Unit 


Collector-Emitter Voltage 
VceS 
80 
100 
Vdc 


Collector-Base Voltage 
vCbo 
80 
100 
Vdc 


Emitter-Base Voltage 
Vebo 
12 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
Rr3JA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPSA28 
MPSA29 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


MIn 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 100 uAdc, VBe = 0) 
MPSA28 
MPSA29 


V(BR)CES 
80 
100 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 uAdc, lE = 0) 
MPSA28 
MPSA29 


V(BR)CBO 
80 
100 


- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, lc = 0) 
Both Types 
v(BR)EBO 
12 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 Vdc, Ie = 0) 
MPSA28 
(Vcb = 80 Vdc, Ie = 0) 
MPSA29 


•CBO 


- 
- 
100 
100 


nAdc 


Collector Cutoff Current 
(vCe = 60 vdc, vBe = o) 
mpsa28 
(Vce = so vdc. Vbe = o) 
mpsa29 


Ices 


- 
- 
500 
500 


nAdc 


Emitter Cutoff Current 
(Vbe = 10 Vdc. lc 
=• 0) 
Both Types 
•ebo 
— 
— 
100 
nAdc 


ON CHARACTERISTTCSd) 


DC Current Gain 
dCB 10 mAdc, Vce = 5.0 Vdc) 
Both Types 
dc = 100 mAdc, Vce = 5.0 Vdc) 
Both Types 


hFE 
10,000 
10.000 


- 
- 


— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.01 mAdc) 
Both Types 
dc = 100 mAdc, Ib = 0.1 mAdc) 
Both Types 


VCE(sat) 


- 
0.7 
0.8 
1.2 
1.5 


Vdc 


Base-Emitter On Voltage 
dc = 100 mAdc, Vce = 5.0 Vdc) 
Both Types 
VBE(on) 
— 
1.4 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
Both Types 
fT 
125 
200 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
Both Types 
CODO 
— 
5.0 
8.0 
PF 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle =s2.0%. 
(2)fr= hfo'ftest- 
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MPSA28, MPSA29 


FIGURE 1 - 
DC CURRENT GAIN 


=:: = 
Vce = >0V 
b# 


200 
TA=12 
•>a* 
5 
100 


z 
< 
50 
TA=25°C1~ 


TA=-5 ttH— 
s 
a 
i°C 


3 
10 


<=> 
50 
*i~ 
•= 


i n 
1 
1.0 
20 
SO 
10 
20 
50 
100 
200 
500 
Ik 
lC. COLLECTOR CURRENT (mA) 


FIGURE 3 
- TEMPERATURE COEFFICIENTS 
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FIGURE S - 
ACTIVE REGION - SAFE OPERATING AREA 
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FIGURE 6 - 
HIGH FREQUENCY CURRENT GAIN 
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SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
MPSA42 
MPSA43 
Unit 
Collector-Emitter Voltage 
VcEO 
300 
200 
Vdc 


Collector-Base Voltage 
VcBO 
300 
200 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/"C 
TotalDeviceDissipation @Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
R&JC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSA42 
MPSA43 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(lC = 1.0 mAdc, Ib = 0) 
MPSA42 
MPSA43 


V(BR)CEO 
300 
200 


- 
Vdc 


Collector-Base Breakdown Voltage 
(|C = 100 ftAdc. Ie = 0) 
MPSA42 
MPSA43 


V(BR)CBO 
300 
200 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 aAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCB = 200 Vdc, lE = 0) 
MPSA42 
(Vcb = 160 Vdc, Ie = 0) 
MPSA43 


>CBO 


- 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(VflE = 60 Vdc. lC = 0) 
MPSA42 
(Vbe = 4-0 Vdc, lc = 0) 
MPSA43 


'EBO 


- 
0.1 
0.1 


uAdc 


ON CHARACTERlSTICSd) 


DC Current Gain 
dC = 1.0 mAdc, Vce 
•=" l0 Vdc) 
Both Types 
dC = 10 mAdc. Vce = 10 Vdc» 
Both Types 


dC = 30 mAdc, VCe = 10 Vdc) 
MPSA42 
MPSA43 


hFE 
25 
40 


40 
40 


- 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 
MPSA42 
MPSA43 


VCE(sat) 


- 
0.5 
0.5 


Vdc 


I Base-Emitter Saturation Voltage 
| 
(lc = 20 mAdc, Ib = 2.0 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc. Vce = 20 Vdc. f = 100 MHz) 
h 
50 
- 
MHz 


Collector-Base Capacitance 
(VCB = 20 Vdc, lE = 0, f = 1.0 MHz) 
MPSA42 
MPSA43 


Ccb 


- 
3.0 
4.0 


PF 


(1) Pulse Test: Pulse Width =s300 us. Duty Cycle < 2.0%. 
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MPSA42, MPSA43 


FIGURE 1 -DC CURRENT GAIN 


FIGURE 2-CAPACITANCES 
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FIGURE 4 - "ON" VOLTAGES 
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FIGURE 3 -CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 6 - MAXIMUM FORWARD BIAS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSA44 MPSA45 
UnH 


Collector-Emitter Voltage 
VCEO 
400 
350 
Vdc 


Collector-Base Voltage 
VcBO 
500 
400 
Vdc 


Emitter-Base Voltage 
vEBO 
6.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
300 
mAdc 


Total Device Dissipation @ Ta = 2S°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSA44 
MPSA45 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE 
TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
MPSA44 
MPSA45 


V(BR)CEO 
400 
350 


- 
Vdc 


Collector-Emitter Breakdown Voltage 
(Iq = 100 uAdc, Vbe = 0) 
MPSA44 
MPSA45 


V(BR)CES 
500 
400 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, l£ = 0) 
MPSA44 
MPSA45 


V(BR)CBO 
500 
400 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 /iAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 400 Vdc, Ie = 0) 
MPSA44 
(Vcb = 320 Vdc, Ie = 0) 
MPSA45 


'CBO 


- 
0.1 
0.1 


/iAdc 


Collector Cutoff Current 
(Vce = 400 Vdc, Vbe = o) 
mpsa44 
(Vce = 320 Vdc, Vbe = 0) 
MPSA45 


>ces 


- 
500 
500 


nAdc 


Emitter Cutoff Current 
(Vbe = 4.o vdc, ic = o) 
>ebo 
— 
0.1 
uAdc 


ON CHARACTERISTlCSd) 


DCCurrent Gain(1) 
(lc = 1.0 mAdc, VCe = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc> 
dC = 50 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc, Vce " 10 Vdc) 


hFE 
40 
50 
45 
40 


200 


Collector-Emitter Saturation Voltaged) 
dc = 1.0 mAdc, Ib = 0.1 mAdc) 
dC = 10 mAdc, Ig = 1.0 mAdc) 
«C = 50 mAdc, Ib = 5.0 mAdc) 


VcE(sat) 
— 
0.4 
0.5 
0.75 


Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
- 
0.75 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 20 Vdc, lE = 0, f = 1.0 MHz) 
Cobo 


— 
6.0 
pF 
Input Capacitance 
(Veb = °-5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
110 
PF 
Small-Signal Current Gain (|c = 10 mAdc, Vce = 10Vdc, f = 10 MHz) 
hfe 
2.0 
— 
— 
(1) Pulse Test: Pulse Width « 300 us, Duty Cycle =s2.0%. 
MPSA55, MPSA56 
For Specifications, See MPSA05 
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MPSA44, MPSA45 


FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 3 - 
ON VOLTAGES 
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FIGURE 5 — CAPACITANCE 
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FIGURE 2 - 
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FIGURE 4 - 
ACTIVE REGION - 
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FIGURE 6 - 
HIGH FREQUENCY CURRENT GAIN 
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MPSA44, MPSA45 


FIGURE 7 - TURN-ON SWITCHING TIMES AND TEST CIRCUIT 
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FIGURE 8 - 
TURN-OFF SWITCHING TIMES AND TEST CIRCUIT 
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PW=50,iS 
Duty Cycle = 2.0% 


i- Cs < 4.0 pF* 


PW = 50 ?S 
Duty Cycle = 2.0% 
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MPSA62 
MPSA63 
MPSA64 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSA62 MPSA63 
MPSA64 
UnH 


Collector-Emitter Vottage 
VCES 
20 
30 
Vdc 


Collector-Base Voltage 
VCBO 
20 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
10 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/*C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
°CAV 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25"C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100ftAdc. Vbe = 0) 
MPSA62 
MPSA63, MPSA64 


V(BR)CES 
20 
30 


- 


Vdc 


Collector Cutoff Current 
(Vcb = 15Vdc, Ie = 0) 
MPSA62 
(Vcb= 30Vdc, Ie - 0) 
MPSA63, MPSA64 


>CBO 


- 
100 
100 


nAdc 


Emitter Cutoff Current 
(Vbe = 10 vdc. ic = o) 
>EBO 
— 
100 
nAdc 


ON CHARACTERlSnCSd) 


DC Current Gain 
(lC = 10 mAdc, Vce 
5.0 Vdc) 


(lC= 100mAdc. Vce = 5.0Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.01mAdc) 
dC = 100mAdc,Ib = 0.1 mAdc) 


Base-Emitter On Voltage 
dC = 10 mAdc,Vce = 5.0 Vdc) 
dC ° 100mAdc, Vce " 5.0Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(IC = 100mAdc. Vce = 5.0Vdc. f = 100MHz) 


MPSA63 
MPSA64 
MPSA62 


MPSA63 
MPSA64 


MPSA62 
MPSA63, MPSA64 


MPSA62 
MPSA63, MPSA64 


MPSA63, MPSA64 


(1) Pulse Test: Pulse Width < 300 fts. Duty Cycle =s 2.0%. 
(2)fr = |hfel•ftest- 


MOTOROLA SEMICONDUCTORS 
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hFE 


VCE(sat) 


VBE(on) 


5000 
10,000 
20.000 


10.000 
20,000 


125 


1.0 
1.5 


1.4 
2.0 


Vdc 


Vdc 


MHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
"CAV 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25"C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSA70 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2NS086 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 100 /iAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie =• o) 
ICBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, Vce = 10 Vdc) 
hFE 
40 
100 
- 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib =» 1.0 mAdc) 
vCE(sat) 
— 
0.25 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
TT 
125 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, |E = 0, f = 100 kHz) 
C0bo 
4.0 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPSA75 
MPSA76 
MPSA77 


CASE 29-02 
TO-92 (TO-226AA) 


DARLINGTON TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSA75 MPSA76 MPSA77 
UnH 


Collector-Emitter Voltage 
Vces 
40 
50 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
10 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation 
@ Ta = 26°C 
Derate above 25°C 


pd 
625 
5.0 
mW 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
I 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
I 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 
U 
Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100/«Adc, Vbe = 0) 
MPSA75 
MPSA76 
MPSA77 


V(BR)CES 
40 
50 
60 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100ijAdc, l£ = 0) 
MPSA75 
MPSA76 
MPSA77 


V(BR)CBO 
40 
50 
60 


- 


- 


Vdc 


Collector Cutoff Current 
(Vcb = 30v. Ie = o) 
mpsa75 
(Vcb = 40v, Ie =• o) 
mpsa76 
(Vcb = 50v. ie =• o) 
mpsa77 


ICBO 


- 


- 


100 
100 
100 


nAdc 


Collector Cutoff Current 
(vCe = 30v. vBe = o) 
mpsa75 
(vCe = 40v, vBe = °> 
mpsa76 
(vCe = so v. Vbe = o) 
mpsa77 


ices 


- 
- 
500 
500 
500 


nAdc 


Emitter Cutoff Current 
(Vbe = 10 Vdc) 
>EB0 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 10 mA,VCE = 5.0 V) 
dC " 100 mA. Vce = 5.0 V) 


Collector-Emitter Saturation Voltage 
(lC = 100 mA. Ib = 01 mAdc) 


Base-Emitter On Voltage 
dC ° 100 mA.Vce " 5.0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain — High Frequency 
(lc = 10 mA VCE " 5.0V.f -* 100MHz) 


MOTOROLA SEMICONDUCTORS 


hFE 


VcE(sat) 


vbe 


Ihfe 
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10,000 
10,000 


1.25 


1.5 
Vdc 


2.0 
Vdc 


2.4 


SMALL-SIGNAL DEVICES 


|hffj. HIGH FREQUENCY CURRENT GAIN 
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MPSA92 
MPSA93 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


HIGH VOLTAGE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS-A92 MPS-A93 
Unit 


Collector-Emitter Voltage 
VCEO 
300 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
200 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
«C 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25*C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
'CAN 


ELECTRICALCHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc. Ib = 0) 
MPSA92 
MPSA93 


V(BR)CEO 
300 
200 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ie = 0) 
MPSA92 
MPSA93 


v(BR)CBO 
300 
200 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 100 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200 Vdc. l£ = 0) 
MPSA92 
(Vcb = 160 Vdc, lE = 0) 
MPSA93 


ICBO 


- 
0.25 
0.25 


ftAdc 


Emitter Cutoff Current 
(vBe = 3.o Vdc. ic ° o) 
>EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc» 
Bo,h TVPes 
dc = io mAdc, vce = 10Vdc) 
Both Tvpes 


dC = 30 mAdc. Vce = 10 Vdc) 
MPSA92 
MPSA93 


hFE 
25 
40 


25 
25 


- 


Collector-Emitter Saturation Voltage 
(lC = 20 mAdc, Ib = 2.0 mAdc) 
MPSA92 
MPSA93 


VCE(sat) 


- 
0.5 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dc = 20 mAdc, Ib = 2.0 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
50 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 20 Vdc, l£ = 0. f = 1.0 MHz) 
MPSA92 
MPSA93 


Ccb 


- 
6.0 
8.0 


PF 


(1) Pulse Test: Pulse Width =s300 us. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MPSA92, MPSA93 


FIGURE 1 - DC CURRENT GAIN 


Tj =+125°C 
Vtt- 
"' 


+~-Jt>r. 
1 
^ 


-S50C 
v ;> s 
-s^5 
\ 
N ^ 
s 
\ 
^ 
\ \ 
\ 


5.0 
7.0 
10 


lC.COLLECTOR CURRENT (mA) 


FIGURE 2-CAPACITANCES 
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FIGURE 4 - 
"ON" VOLTAGES 
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SMALL-SIGNAL DEVICES 
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FIGURE 3 -CURRENT-GAIN-BANOWIDTH PRODUCT 
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FIGURE B - 
ACTIVE-REGION SAFE 
OPERATING AREA 
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MOTOROLA SEMICONDUCTORS 


NPN 
MPSD05 
PNP 
MPSD55 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Collector Current — Continuous 
"C 
600 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25X 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance. Junction to Case 
Rejc 
83.3 
"CAV 


Thermal Resistance. Junction to 
Ambientd) 
RflJA 
200 
"CAN 


Refer to 2N4400 for MPSD05 graphs." 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
25 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lc = 10 uAdc, Ie = 0) 
V(BR)CBO 
25 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 Vdc) 
"CEO 
— 
1.0 
uAdc 


Collector Cutoff Current 
(Vcb = 20 vdc, Ie = o) 
"CBO 
— 
1.0 
/iAdc 


Emitter Cutoff Current 
(VEb = 3° Vdc' 'C = o) 
•ebo 
— 
100 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lc = 50 mAdc, Vce = 5.0 Vdc) 
(lC = 100 mAdc, Vce = 5-° Vdc> 
(lC = 500 mAdc,Vce = 5.0 Vdc) 


hFE 
50 
80 
30 


- 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
VcE(sat) 
— 
0.5 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain— Bandwidth Product dc = 50 mAdc,Vce = 10 Vdc, 
f = 100 MHz) 
(1) RfljA is measured withthe device soldered intoa typical printed circuit board. 
(2) Pulse Test: Pulse Width « 300 us. Duty Cycle « 2.0%. 
•Refer to 2N4402 for MPSD55 graphs. 


MOTOROLA SEMICONDUCTORS 
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100 
MHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
Vceo 
20 
Vdc 
Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/T 
Total Device Dissipation @ Tc - 25'C 
Derate above 25*C 
Pd 
1.0 
8.0 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
°C/mW 


Thermal Resistance, Junction to Ambient 
RflJAlD 
200 
°C/mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSH02 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


AMPUFIER TRANSISTOR 


NPN SIUCON 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ie = 0) 
V(BR)CBO 
20 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 uAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(vCb = io vdc, Ie = o) 
<CB0 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC ° 4.0 mAdc, Vce = 10 Vdc) 
hFE 
20 
200 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VCe = 10 Vdc, f = 100 MHz) 
fT 
375 
— 
MHz 


Collector-Base Capacitance 
(Vcb = io vdc. iE = o, f = i.o mhz) 
Ccb 
— 
0.5 
PF 


Noise Figure 
1VAGC = 14 Vdc, Rs = 50 Ohms, f = 200 MHz) 
NF 
— 
3.3 
dB 


FUNCTIONAL TEST 


I Amplifier Power Gain 
<VAGC = 1-4Vdc. Rs = 50 Ohms, f = 200 MHz) 
Gpe 
20 
- 
dB 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) 
VAGC 
4.0 
S.O 
Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPSH02 


AGC CHARACTERISTICS 
(VCc » 12Vdc. Rs =50Ohms, f » 200MHz, SeeFigure 9) 


FIGURE 1 - 
POWER GAIN 
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FIGURE 2 - 
NOISE FIGURE 
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COMMON-EMITTER y PARAMETERS 
(lC =4.0mAdc, VCE =10Vdc, TA =25°C) 


FIGURE 3 - 
INPUT ADMITTANCE 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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COMMON-EMITTER y PARAMETERS 
(lc =4.0mAdc, VCE =10Vdc, TA =25°C) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 
FIGURE 6 - OUTPUT ADMITTANCE 
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MPSH02 


FIGURE 7 - 
DC CURRENT GAIN 
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FIGURE 8 - COLLECTOR-BASE CAPACITANCE 
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FIGURE 9-200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZED) 
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SMALL-SIGNAL DEVICES 


T, - f ERRITE CORE INDIANA GEN. CORP. F-684 
T, = 6 TURNS #15 BUSS WIRE. ID - tt". I = K" 
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MOTOROLA SEMICONDUCTORS 


MPSH04 
MPSHOS 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPUFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VceO 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
«C 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12 
Watt 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJAd) 
200 
"CAV 


(1) RgjA is measured withthe device soldered intoa typical printed circuit board. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc. Ib - 0) 


Cotlector-Base Breakdown Voltage 
(lC = 100/iAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(Ig = 100 ftAdc,lc ° 0) 


Collector Cutoff Current 
(VCB " 60 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VEB ° 3.0 Vdc, lc = 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.5 mAdc,Vce = 10 vdc> 


Collector-Emitter Saturation Voltage 
dC " 10 mAdc,Ig p 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Crrent-Gain — Bandwidth Product 
(IC = 1.5 mAdc,Vce ° 10Vdc>f 


Collector-Base Capacitance 
(VCB ° 10 Vdc-f ° 10 MH*' 
Output Admittance 
dC = 1.5 mAdc, Vce ° 10 vdc' f 


100 MHz) 


1.0 kHz) 


MPSH04 
MPSH05 


Noise Figure 
dC= 1.5mAdc, Vce = 10vdc' RS ° so ohms-f = 10 MHz) 
MPSH04 
(2) Pulse Test: Pulse Width « 300 fts, Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


>CBO 


<EBO 


hpE 


VcE(sat) 


Ccb 


NF 


Min 


80 


80 


4.0 


30 
30 


80 


Typ 
Max 


50 


50 


120 
150 


0.25 


1.6 


5.0 


2.0 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


MHz 


PF 


/unhos 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
30 
Vdc 
Collector-Base Vottage 
VCBO 
30 
Vdc 
Emitter-Base Voltage 
VEBO 
3.0 
Vdc 
Total Device Dissipation @ Ta = 25"C 
Derate above 25*0 
pd 
350 
2.81 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
"we 
357 
"CAV 


ELECTRICAL CHARACTERISTICS(TA = 25"C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSH07 
MPSH08 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


FM/VHF TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
30 
- 
Vdc 


Coffector-Base Breakdown Voltage 
dC = 100 ftAdc,Ie = 0) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 *iAdc,lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, l£ = 0) 
>CBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, Vce = 10 Vdc) 
hFE 
20 
- 
- 


Base-Emitter On Voltage 
dC = 3.0 mAdc. VC£ = 10 Vdc) 
vBE(on) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 3.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
400 
- 
MHz 


Collector-Emitter Capacitance 
(Vce = 10 Vdc, lB = 0, f = 1.0 MHz, base guarded) 
cce 
(Crb) 


— 
0.3 
PF 


Noise Figure 
dC = 3.0 mAdc, Vcb = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) 
MPS-H07 
«C = 3.0 mAdc, VCb = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) 
MPS-H08 


NF 


- 
3.0 
3.0 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
dC = 3.0 mAdc,Vcb = 10 Vdc,Rs = 50 Ohms, f = 100 MHz) 
MPS-H07 
dc = 3.0 mAdc, Vcb = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) 
MPS-H08 


Gpb 
18 
14 


- 
dB 


Forward AGC Current 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 100 MHz) 
MPS-H07 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) 
MPS-H08 


'AGC 
6.5 
6.5 
8.5 
8.5 


mAdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPSH07, MPSH08 


AGC CHARACTERISTICS 
VCC =10Vdc« RS =500hms< SeeFigure 9 
f= 100 MHz 
f = 200 MHz 
FIGURE 1 - 
POWER GAIN 
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COMMON-BASE y PARAMETERS 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
FIGURE 3 - 
INPUT ADMITTANCE 
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FIGURE 5 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 6 - OUTPUT AOMITTANCE 
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SMALL-SIGNAL DEVICES 


MPSH07, MPSH08 
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FIGURE 7 - COLLECTOR-BASE TIME CONSTANT 
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FIGURE 8 - CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 9 - 100-MHz AND 200-MHz COMMON-BASE AMPLIFIER 


0.1 ft? Tfe 


INPUT(5)- 


1000 pF 


FREQUENCY 


100MHz-11-11 TURNS NO.16AWG, 54" I.D., 
TAPPED % TURNS FROM COLO END. 


200 MHz - L2 - 6 TURNS NO. 16AWG,54"I.D., 
TAPPED %TURNS FROM COLO END. 
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AGC 
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I 
-A0-8.0 pF 


1.0 k 


'cc 


1000 pF 
li > 
1( 
(pj OUTPUT 


0.1 fif 


MOTOROLA SEMICONDUCTORS 


MPSH10 
MPSH11 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


VHF/UHF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VcBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mWVC 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
125 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
357 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
UnH~2 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC ° 1.0mAdc, Ib ° 0) 


Collector-Base Breakdown Voltage 
(IC = 100ftAdc, Ie - 0) 


Emitter-Base Breakdown Voltage 
(IE ° 10f<Adc, lc ° 0) 


Collector Cutoff Current 
(Vcb ° 25 vdc, ig = o> 


Emitter Cutoff Current 
(VBe = 2.0 Vdc, lc = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 4.0 mAdc,Vce = 1° Vdc> 


Collector-Emitter Saturation Voltage 
dC = 4.0 mAdc, Ib ° 0.4 mAdc) 


Base-Emitter On Voltage 
(IC = 4.0 mAdc, Vce = 10Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC" 4.0 mAdc, Vce = 10 Vdc,f = 100MHz) 


Collector-Base Capacitance 
(VCB ° 1° Vdc, Ie ° 0. f 
1.0 MHz) 


Common-Base Feedback Capacitance 
(Vcb = 10Vdc, Ie = 0, f = 1.0 MHz) 


Collector Base Time Constant 
(lC = 4.0 mAdc, Vcb = 1° Vdc. f 
31.8 MHz) 


MOTOROLA SEMICONDUCTORS 


MPS-H10 
MPS-H11 
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V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


•ebo 


hFE 


VCE(sat) 


vbe 


Ccb 


Crb 


rb'Cc 


25 


30 


3.0 


60 


650 


0.35 
0.6 


100 


100 


0.5 


0.95 


0.7 


0.65 
0.9 


9.0 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


pF 


ps 


SMALL-SIGNAL DEVICES 


MPSH10, MPSH11 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(Vcb = 10 Vdc,lc =4.0 mAdc, Ta = 25°C) 


Vib, INPUT ADMITTANCE 


70 
a 


E 
60 


o 
50 
< 


40 


o 
< 
t- 
30 


20 


» 


10 


0 


FIGURE 1 - 
RECTANGULAR FORM 
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FIGURE 2 - 
POLAR FORM 
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COMMON-BASE y PARAMETERS versus FREQUENCY 
(Vcb = 10Vdc, lc =4.0 mAdc. Ta = 25°C) 


vfb, FORWARD TRANSFER ADMITTANCE 


FIGURE 3 - RECTANGULAR FORM 
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FIGURE 4 - POLAR FORM 
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y>b. REVERSE TRANSFER ADMITTANCE 
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2-221 


FIGURE 6 - POLAR FORM 
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MPSH10, MPSH11 
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FIGURE 7 - RECTANGULAR FORM 
FIGURE 8 - 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
15 
Vdc 
Collector-BaseVoltage 
VCBO 
20 
Vdc 
Emitter-BaseVoltage 
VEBO 
3.0 
Vdc 
TotalDevice Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mWVC 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Ambient 
(PrintedCircuitBoard Mounting) 
R&JA 
200 
"CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC ° 1-0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC ° 100 ftAdc.Ig = 0) 


Emitter-Base Breakdown Voltage 
(IE ° 10 ftAdc.lc ° 0) 


Collector Cutoff Current 
(Vcb ° is vdc, ie = o) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc.Vce = 10 Vdc) 
Collector-EmitterSaturation Voltage 
(lC ° 10 mAdc, Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Symbol 


v(BR)CEO 


V(BR)CBO 


v(BR)EBO 


'CBO 


"FE 


VcE(sat) 


MPSH17 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


CATV TRANSISTOR 


NPN SIUCON 


Min 
Typ 
Max 


15 


3.0 


100 


25 
250 


0.5 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 


Vdc 


Current-Gain — Bandwidth Product 
(lC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
800 
- 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, f = 1.0 MHz) 
Ccb 
0.3 
- 
0.9 
PF 


Small-Signal Current Gain 
dc = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
30 
- 
- 
- 


Noise Figure 
dC = 5.0 mAdc,Vcc = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 
NF 
— 
- 
6.0 
dB 


FUNCTIONAL TEST 


Amplifier Power Gain 
dC ° 5.0 mAdc, Vcc = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 


SMALL-SIGNAL DEVICES 
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dB 


MOTOROLA SEMICONDUCTORS 


MPSH20 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


VHF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
350 
2.81 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
1.0 
8.0 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
83.3 
•CAV 


Thermal Resistance, Junction to Ambient 
RflUA 
357 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
I 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0mAdc. Ib = 0) 


Collector-Base Breakdown Voltage 
(IC ° 100uAdc. Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE = 10ftAdc, lc ° 0) 


Collector Cutoff Current 
(Vcb = is vdc, ie ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 4.0 mAdc, Vce 
10 Vdc) 


SMALL-SIGNALCHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 4.0mAdc, Vce = 10Vdc.f ° 1°° MHz> 


Collector-Base Capacitance 
(Vcb = io vac Ie = o. f = io MHz) 


Collector Base Time Constant 
(lE » 4.0mAdc, Vcb = 1°Vdc'f ° 31-8 MHz) 


Conversion Gain (213 to 45 MHz) 
dC = 4.0mAdc, Vce = 10Vdc, Oscillator 
Injection = 200mVdc) 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


•CBO 


hp£ 


Ccb 


rb'Cr 


2-224 


30 
Vdc 


40 
Vdc 


4.0 
Vdc 


50 
nAdc 


25 


400 
620 
MHz 


0.5 
0.65 
PF 


10 
ps 


18 
23 
dB 


SMALL-SIGNAL DEVICES 


MPSH20 


CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 9) 


FIGURE 2 - VARIATION WITH INJECTION LEVEL 
FIGURE 1 - VARIATION WITH COLLECTOR CURRENT 
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COMMON-EMITTER y PARAMETERS 
(lC=4.0 mAdc, VCE=10 Vdc, TA =25°C) 


FIGURE 3 - 
INPUT ADMITTANCE 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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COMMON-EMITTER y PARAMETERS 
(Iq=4.0mAdc,Vce =10Vdc,Ta =25°C) 


FIGURE 5 - 
FORWARD TRANSFER ADMITTANCE 
FIGURE 6 - OUTPUT ADMITTANCE 
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FIGURE 8 - CAPACITANCES 
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FIGURE 9 - MIXER TEST CIRCUIT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
Vceo 
30 
Vdc 
Collector-Base Voltage 
VcbO 
40 
Vdc 
Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
rnWVC 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +135 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
R&JA 
357 
•CAV 


ELECTRICAL CHARACTERISTICS (Ta, ° 25X unless otherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPSH24 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


VHF TRANSISTOR 


NPN SIUCON 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dc = 1-0mAdc, Ib ° 0) 
V(BR)CE0 
30 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100/iAdc, lE - 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
HE = 10 ftAdc. lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
{Vcb - 15 vdc, Ie = o> 
>CBO 
— 
• 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 8.0 mAdc, Vce = 10 Vdc) 
hFE 
30 
- 
- 
- 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 8.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
h 
400 
620 
- 
MHz 


Collector-Base Capacitance 
(Vcb - io vdc, i£ = o, f = 1.0 mhz) 
Ccb 
— 
0.25 
0.36 
PF 


Conversion Gain 
(213 MHz to 45 MHz) 
dC = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 
dC =" 8.0 mAdc,Vcc = 20 Vdc,OscillatorInjection = 150 mVrms) 


19 


24 


24 


29 


- 


dB 


SMALL-SIGNAL DEVICES 
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2-227 


MPSH24 


CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 
(Vcc =20Vdc, Rs =R|_ =50Ohms, fjf =44 MHz, B.W. =6.0 MHz) 


FIGURE 2 - CONVERSION GAIN versus INJECTION LEVEL 
FIGURE1 - CONVERSION GAIN versusCOLLECTORCURRENT 


40 
I 


.fsg-K 
Iz 


_ 'sig" 213 MHz. lose-275 MHz _ 


Otc Inj=150mVtms 


4.0 
6.0 
8.0 
10 
12 


lC.COLLECTOR CURRENT (mAdc) 


40 


3 
30 


z 


'sig= 60 MHz lose='04 MHz 


<t 


i/i 
oe 


'sig-2 3 MHz.Ion =275 MHz 


> 
z 
o 
o 
,0 


o 
lC• 8.0 mAdc 


0 
100 
200 
300 


Vj.OSCILLATOR INJECTION (mV) 


COMMON-EMITTER y PARAMETERS 
(VcE = 15Vdc,TA =25°C) 


FIGURE 3 - 
INPUT AOMITTANCE 
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FIGURE 5 - FORWARD TRANSFER ADMITTANCE 
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MOTOROLA SEMICONDUCTORS 


FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 6 - OUTPUT ADMITTANCE 
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MPSH24 


j«"» 
(SO MHz 
213 MHz 
'oh: 
105 MHz 
258 MHz 


CI 
1.520 pF 
1.5-20 pF 
C2 
8.0-60 pF 
6.0-12 pF 
C3 
8.0-60 pF 
1.5-20pF 
C4 
3.0-35 pF 
- 


C5 
1.5-20pF 
- 


Ll 
5 Turns #26 
Air.TaplTurn 
3 Turns #16 
Air,Tap %Turn 


L2 
10 Turns #26 
Air 
10 Turns #26 
Arnold A1-10 
Core 


L3 
0hmitaZ235 
- 


SMALL-SIGNAL DEVICES 


FIGURE 7 - VHF MIXER TEST CIRCUIT 
(fif = 44 MHz, B.W. = 6.0 MHz) 
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RL =50n 


MOTOROLA SEMICONDUCTORS 


MPSH30 
MPSH31 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


IF AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
625 
5.0 
mW 
mW/»C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.5 
12.0 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RftJAd) 
200 
'CAN 


ELECTRICAL CHARACTERISTICS (TA= 2S'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 tiAdc. Ie = 0) 
V(BR)CBO 
20 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 pAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
{Vcb = io vdc, ig = o) 
ICBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 4.0 mAdc.Vce = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(lC" 10 mAdc,Ib = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
dC ° 10 mAdc, Ib = 5.0 mAdc) 


hFE 


VCE(sat) 


VBE(sat) 


20 
200 


3.0 
Vdc 


0.96 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc,Vce = 10Vdc,f = 100 MHz) 
fT 
300 
800 
MHz 


Collector-Base Capacitance 
(Vcb = 10Vdc, Ie = 0, f = 1.0MHz, emitterguarded) 
Ccb 
— 
0.65 
PF 


Noise Rgure 
(Vagc = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) 


NF 
— 
6.0 
dB 


FUNCTIONAL TESTS 


Power Gain 
(VAGC " 2.75Vdc, Rs =• 50ohms, f = 45 MHz) 


Forward AGC Voltage 
(GainReduction = 30 dB,Rs = 50 ohms, f = 45 MHz) 
MPS-H30 
MPS-H31 


(1) RfljA ismeasured with thedevice soldered into a typical printed circuit board. 
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>pe 


vagc 


22.5 


4.4 
5.2 
5.4 
6.2 


dB 


Vdc 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25"C 
PD 
625 
5.0 
mW 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +135 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
R&jc 
83.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
•CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPSH32 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


VHF TRANSISTOR 


NPN SILICON 


Min 
Typ 
Max 
UnH 


1Collector-Emitter Breakdown Voltage dc ° 1.0 mAdc, Ib =0) 
V(BR)CEO 
30 
— 
— 
Vdc 
I Collector-Base Breakdown Voltage dc = 100 juAdc, Ie =0) 
V(BR)CBO 
40 
— 
— 
Vdc 
I Emitter-Base Breakdown Voltage 
(Ie = 100 uAdc, lc =0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 
| Collector Cutoff Current (Vcb = 10 Vdc, Ie =0) 
ICBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
(lc 
•= 4.0 mAdc, Vce = 5.0 Vdc) 
hFE 
27 
35 
200 
— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 5.0 mAdc) 
VCE(sat) 


— 
1.5 
3.0 
Vdc 
Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 5.0 mAdc) 
VBE(sat) 
— 
0.9 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC =• 4.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
300 
440 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ig = 0, f = 1.0 MHz) (Emitter Guarded) 
Ccb 
— 
0.2 
0.22 
PF 


Noise Figure (!e~4.0 mAdc. Vce-93 Vdc, Vagc = 2.75 Vdc, 
RS = 50 Ohms, f = 45 MHz) 
NF 
— 
3.3 
— 
dB 


FUNCTIONAL TEST 


Amplifier Power Gain 
(lE-4.0 mAdc, Vce~9-3 Vdc, Vagc = 2.75 Vdc, 
RS = SOOhms, f = 45 MHz) 


Gpe 
22.5 
25 
— 
dB 


Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 45 MHz) 
vagc 
— 
5.5 
— 
Vdc 


SUMMARY-COMMON EMITTER PARAMETERS (Vce = 10Vdc, lc = 4.0 mAdc, f = 45 MHz) 


Input Conductance 
9ie 


— 
6.0 
— 
mmhos 
Input Capacitance 
cieo 


— 
33 
— 
pF 
Forward Transfer Admittance Magnitude 
IVfel 
— 
110 
— 
mmhos 
Forward Transfer Admittance Phase Angle 
<Yfe 


— 
-22 
— 
Degrees 
Feedback Capacitance 
Cre 
— 
0.2 
— 
PF 
Output Conductance 
9oe 


— 
20 
— 
ftmhos 
Output Capaticance 
Coe 


— 
1.4 
— 
pF 
Maximum Unilateralized Power Gain 


4 Oie 9oe 


Gum 


" 


44 
— 
dB 
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MPSH32 


AGC CHARACTERISTICS 
Vcc = 12 Vdc, Rs = 50 Ohms, f = 45 MHz, See Figure 10 


FIGURE 1 - 
POWER GAIN 
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FIGURE 2 - 
NOISE FIGURE 
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COMMON-EMITTER y PARAMETERS 
Vce = 10 Vdc. f = 45 MHz.Ta » 25°C 
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FIGURE 3 - 
INPUT ADMITTANCE 
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FIGURE 5 - 
FORWARD TRANSFER ADMITTANCE 
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FIGURE 4 - 
REVERSE TRANSFER ADMITTANCE 
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FIGURE 6 - OUTPUT ADMITTANCE 
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FIGURE 7 - 
DC CURRENT GAIN 
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FIGURE 8 - COLLECTOR-BASE CAPACITANCE 
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FIGURE 10 - 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZED) 
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MPSH34 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


IF TRANSISTOR 


NPN SIUCON 


Refer to MPSH24 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°Cunless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Vottage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
VCBO 
45 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25X 
PD 
350 
2.8 
mW 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +135 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
R&JA 
357 
'CAN 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CE0 
45 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 ftAdc, Ie = 0) 
V(BR)CBO 
45 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, IC = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(VCb = 30 Vdc, lE = 0) 
ICBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 7.0 mAdc, Vce = 15 Vdc) 
(lC = 20 mAdc, VC£ = 2.0 Vdc) 


hFE 
40 
15 


- 
- 


— 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 
VcE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
(lC = 7.0 mAdc, Vce = 15 Vdc) 
VBE(on) 
— 
— 
0.95 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 15 mAdc, VCe = 15 Vdc, f = 100 MHz) 
<T 
500 
720 
— 
MHz 
1 


Collector-Base Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 1.0 MHz) 
Ccb 
— 
0.25 
0.32 
PF 


Current-Gain — Bandwidth Ratio 
(lC = 15 mAdc to lc = 20 mAdc, Vce = 15 Vdc) 
*T15 


fT20 


— 
— 
1.6 
— 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
80 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
pd 
625 
5.0 
mW 
mW/X 
Total DeviceDissipation @ Tc = 25X 
Derate above 25X 
pd 
1.5 
12 
Watt 
mW/X 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&ic 
83.3 
XAV 


Thermal Resistance, Junction to Ambient 
R&JAd) 
200 
XAV 


(1) RflJAis measured with the device soldered into a typical printed circuit board. 


MPSH54 
MPSH55 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta ° 2SX unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
80 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 ^Adc, lE = 0) 
V(BR)CBO 
80 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
HE •= 100 iiAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, ie = o) 
>CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 3.o vdc, ic = o) 
>EBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC •= 1.5 mAdc, Vce = 10 Vdc) 
MPSH54 
MPSH55 


hpE 
30 
30 


- 
- 
120 
150 


— 


Collector-Emitter Saturation Voltage 
dC - 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
— 
0.25 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 1.5 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
80 
— 
— 
MHz 


Collector-Base Capacitance 
(Vcb= 10 Vdc. f = 1.0 MHz) 
Ccb 
- 
— 
— 
1.6 
pF 


Output Admittance 
(lC = 1.6 mAdc, VCe = 10 Vdc,f = 1.0 kHz) 
h0e 
— 
— 
15 
Mmhos 


Noise Figure 
dC = 1.5 mAdc, Vce = 10 Vdc, Rs = 50 ohms, f = 1.0 MHz) 
MPSH54 
NF 
— 
— 
2.0 
dB 
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MPSH81 


CASE 29-02, STYLE 2 
TO-92 (TO-226AA) 


RF AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Vottage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
pd 
350 
2.81 
mW 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
357 
XAV 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 
Symbol 
' 
Min 
| 
Typ 
| 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 Vdc, Ie = 0) 
ICBO 
— 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = 2.o vdc, ic = o) 
>EBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, Vce = 10 Vdc) 
"FE 
60 
— 
— 
— 


Collector-Emitter Saturation Vottage 
(lC = 5.0 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter On Vottage 
dC = 5.0 mAdc, Vce = 10 Vdc) 
VBE(on) 
— 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc,Vce = 10 Vdc,f = 100 MHz) 
fT 
600 
— 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
— 
0.85 
pF 


Collector-Emitter Capacitance 
dB = 0. Vcb = 10 Vdc, f = 1.0 MHz) 
Cce 
— 
— 
0.65 
pF 


MOTOROLA SEMICONDUCTORS 
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MPSH81 


TYPICAL COMMON-BASEy-PARAMETERS 
(Vcb ° 10 Vdc, TA » 25°C, Frequency Points in MHz) 


FIGURE 1 - 
INPUT ADMITTANCE 
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FIGURE 3 - 
FORWARD TRANSFER ADMITTANCE 
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FIGURE 2 - 
REVERSE TRANSFER ADMITTANCE 
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FIGURE 4 - 
OUTPUT AOMITTANCE 
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FIGURE 5 - CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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MPSL01 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 26X un|eSs otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
120 
Vdc 


Collector-Base Voltage 
VCBO 
140 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
150 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
PD 
625 
5.0 
mW 
mW/X 


Total Device Dissipation @ Tc = 25X 
Derate above 25X 
pd 
1.5 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
I 


Thermal Resistance, Junction to Case 
Rajc 
83.3 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
XAV 


Characteristic 
Symbol 
MIn 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ig = 0) 
V(BR)CEO 
120 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C = 100 uAdc. Ie = 0) 
V(BR)CBO 
140 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCB°75Vdc,lE = 0) 
'CBO 
— 
1.0 
uAdc 


Emitter Cutoff Current 
(vEb = -».o vdc, ic = o) 
>EBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
(lC = 10 mAdc, Vce = 5.0 Vdc) 
hFE 
50 
300 
— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib° 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VcE(sat) 


- 
0.20 
0.30 


Vdc 


Base-Emitter Saturation Voltage 
dC= 10 mAdc, Ib = 10 mAdc) 
(lC ° 50 mAdc, Ib = 5.0 mAdcXD 


VBE(sat) 


- 
1.2 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dC = 10 mAdc, Vce = 10 Vdc,f = 100 MHz) 
fT 
60 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
8.0 
PF 


Small-Signal Current Gain 
dC = 1.0 mAdc,Vce = 10 Vdc.f = 1.0 kHz) 
hfe 
30 
— 
— 


(1) Pulse Test: Pulse Width = 300 us. Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
100 
Vdc 


Collector-Base Voltage 
VCBO 
100 
Vdc 


Emitter-Base Vottage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


Total Device Dissipation @ Ta - 25X 
Derate above 25X 
PD 
625 
5.0 
mW 
mW/X 


Total Device Dissipation @ Tc = 25X 
Derate above 25X 
pd 
1.5 
12.0 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
tJ.Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
83.3 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
200 
XAV 


MPSL51 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2N5400 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc. Ib = 0) 
v(BR)CEO 
100 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC =» 100 uAdc, Ie = 0) 
V(BR)CBO 
100 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 itAdc. lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so Vdc, Ie = o) 
'CBO 
— 
1.0 
uAdc 


Emitter Cutoff Current 
(Vbe = 3.0 vdc, ic = o) 
'EBO 
— 
100 
nAdc 


ON CHARACTERISTICSd) 


OC Current Gain(l) 
dC = 50 mAdc, Vce = 5.0 Vdc) 
hFE 
40 
250 
— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
Uc ° 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.25 
0.30 


Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
dc = 50 mAdc, Ib - 5.0 mAdc) 


vBE(sat) 


- 
1.2 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
60 
— 
MHz 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = i.o mhz) 
Cobo 
— 
8.0 
PF 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
20 
— 
— 


(1) Pulse Test: Pulse Test = 300 us, Duty Cycle = 2.0%. 
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MPSW01 
MPSWOIA 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH CURRENT TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
MPSW01 
MPSWOIA 


VCEO 
30 
40 


Vdc 


Collector-Base Voltage 
MPSW01 
MPSW01A 


VCBO 
40 
50 


Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1000 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
PD 
1.0 
8.0 
Watt 
mW/X 


Total Device Dissipation @Tq - 25X 
Derate above 25X 
pd 
2.5 
20 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
50 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
"CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc,Ib = 0) 
MPSW01 
MPSWOIA 


V(BR)CEO 
30 
40 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC= 100uAdc,Ie = 0) 
MPSW01 
MPSW01A 


V(BR|CBO 
40 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc,Ie = 0) 
MPSW01 
(vCb ° 40 vdc, Ie = o) 
mpswoia 


>CBO 


- 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(Veb = 3.o Vdc, ic = o) 
'EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 
(lc - 10 mAdc, Vce = 10 Vdc) 
dC =• 100 mAdc, Vce = 1° Vdc) 
(lC = 1000 mAdc,Vce = 10 Vdc) 


hFE 
55 
60 
50 


- 


Collector-Emitter Saturation Voltage 
dC = 1000 mAdc,Ib = 100 mAdc) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
(lC =• 1000 mAdc, Vce = 10 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC •=» 50 mAdc.Vce = 10 Vdc,f = 20 MHz) 
fT 
50 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 
— 
20 
PF 


(1) Pulse Test: Pulse Width « 300 us. Duty Cycle « 2.0%. 
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MPSW01, MPSW01A 


FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 3 - 
ON VOLTAGES 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 2 - 
COLLECTOR SATURATION REGION 
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FIGURE 4 - 
TEMPERATURE COEFFICIENT 
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FIGURE 6 - 
CAPACITANCE 
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MPSW01, MPSW01A 


FIGURE 7 - 
ACTIVE REGION-SAFE OPERATING AREA 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSW05 MPSW06 
Unit 
Collector-Emitter Voltage 
VCEO 
60 
80 
Vdc 


Collector-Base Voltage 
VCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 
Total DeviceDissipation @ Ta •= 25'C 
Derate above 25'C 
PD 
1.0 
8.0 
Watt 
mWVC 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
rnVWC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RftjC 
50 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSW05 
MPSW06 


CASE 29-03, STYLE 1 
TO-92 (TO-226AA) 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dc = 1-0 mAdc, Ib = 0) 
MPSW05 
MPSW06 


V(BR)CEO 
60 
80 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE " 100 uAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 40 vdc, Ib = o) 
mpswos 
(VCE ° 60 Vdc, Ib = 0) 
MPSW06 


'CEO 


- 
0.5 
0.5 


uAdc 


Collector Cutoff Current 
(Vcb = 40 vdc, i£ = o) 
mpswos 
(vCb = 60 Vdc, ie = o» 
mpswos 


>CBO 


- 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(VEB = 3.0 Vdc, lc = 0) 
'EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 50 mAdc, VCe = 1.0 Vdc) 
(lC = 250 mAdc, Vce = 10 Vdc) 


hFE 
80 
60 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 250 mAdc, Ib = 10 mAdc) 
VCE(sat) 
— 
0.40 
Vdc 


Base-Emitter Saturation Voltage 
dC = 250 mAdc, Vce = 5.0 Vdc) 
VBE(sat) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 200 mAdc.Vce " 5.0 Vdc,f = 20 MHz) 
ft 
50 
- 
MHz 


Output Capacitance 
{Vcb " 10 V, f •= 1.0 MHz) 
cobo 
— 
12 
PF 


(1)Pulse Test: Pulse Width «s300 us. Duty Cycle < 2.0%. 
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MPSW10 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH VOLTAGE TRANSISTOR 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
300 
Vdc 


Collector-Base Voltage 
VCBO 
300 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mWVC 


Total Device Dissipation @ Tc = 25°C 
Derate above 25CC 
pd 
2.5 
20 
Watts 
mwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
so 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
-CAN 


Refer to MPSW42 for graphs. 


ELECTRICAL CHARACTERISTICS (TA 
25°C unless otherwise noted.) 


Characteristic 
Symbol 
Mtn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc. Ib = 0) 
V(BR)CEO 
300 
— 
Vdc 


Collector-Base Breakdown Vottage 
(lC = 100 uAdc, Ie = 0) 
V(BR)CBO 
300 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 uAdc. lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200 Vdc, Ie = 0) 
'CBO 
— 
0.2 
uAdc 


Emitter Cutoff Current 
(Veb = 6.0 vdc, ic = o) 
>EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
(lC = 1.0 mAdc. Vce = 10Vdc) 
dC = 10 mAdc, Vce = 10Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 


"FE 
25 
40 
40 


- 


Collector-Emitter Saturation Voltage 
(lC= 30 mAdc, Ib = 3.0 mAdc) 
VCE(sat) 
— 
0.75 
Vdc 


Base-Emitter On Voltage 
dC = 30 mAdc, Vce = 10Vdc) 
VBE(on) 
— 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20Vdc, f = 20 MHz) 
fT 
45 
— 
MHz 


Collector-Base Capacitance 
(Vcb ° 20Vdc, lE = 0, f = 1.0 MHz) 
Ccb 
— 
3.0 
pF 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle * 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCES 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
10 
Vdc 


Collector Current — Continuous 
"C 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/T 


Total Device Dissipation @ Tc = 25°C 
Derate above 25"C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
'CAN 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSW13 
MPSW14 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


DARUNGTON TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 100 uAdc, Vbe = 0) 
V(BR)CES 
30 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, Ie » o) 
<CBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(vEb = io vdc, ic = o) 
lEBO 
— 
100 
nAdc 


ON CHARACTERJSTICSd) 


DC Current Gain 
dC = 10 mAdc, Vce = 5.0 Vdc) 
MPSW13 
MPSW14 


(lC = 100 mAdc, Vce = 5.0 Vdc) 
MPSW13 
MPSW14 


hFE 
5000 
10,000 


10,000 
20,000 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 
VcE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
dC = 100 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC - 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
125 
— 
MHz 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle * 2.0%. 
(2)fT = |hfe|.f,est. 
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MPSVV13, MPSW14 
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FIGURE 1 - 
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DC CURRENT GAIN 
FIGURE 3 - 
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FIGURE 5 - 
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FIGURE 6 - 
HIGH FREQUENCY CURRENT GAIN 
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MOTOROLA SEMICONDUCTORS 


MPSW42 
MPSW43 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH VOLTAGE 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSW42 MPSW43 
Unit 


Collector-Emitter Voltage 
VCEO 
300 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
200 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25X 
pd 
1.0 
8.0 
Watt 
mW/X 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&1C 
50 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
"CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottaged) 
dC = 1.0mAdc, Ib = 0) 
MPSW42 
MPSW43 


V(BR)CEO 
300 
200 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100uAdc,Ie = 0) 
MPSW42 
MPSW43 


V(BR)CBO 
300 
200 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc ° 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200Vdc, Ie = 0) 
MPSW42 
(Vcb = 160Vdc,Ie = 0) 
MPSW43 


>CBO 


- 
0.1 
0.1 


uAdc 


Emitter Cutoff Current 
(Veb = 6.0Vdc, lc = 0) 
MPSW42 
(Veb = 4.0Vdc, lc = 0) 
MPSW43 


>EBO 


__ 
0.1 
0.1 


uAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0mAdc, Vce = 10Vdc) 
Both Types 
(lC = 10mAdc, Vce = 10Vdc) 
Both Types 
dC = 30 mAdc, Vce = 10Vdc) 
MPSW42 
MPSW43 


hFE 
25 
40 
40 
40 


- 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0mAdc) 
MPSW42 
MPSW43 


VCE(sat) 


- 
0.5 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 20 mAdc,Ib =• 2.0 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC ° 10 mAdc. Vce ° 20 Vdc'f = 20 MHz) 


Collector-Base Capacitance 
(Vcb = 20 Vdc, Ie = 0, f 
1.0 MHz) 


(1) Pulse Test: Pulse Width « 300 us, Duty Cycle « 2.0%. 
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FIGURE 2 - 
COLLECTOR SATURATION REGION 


II 


ci 0.6 
-> 


2 
05 
|| 
, 


i 
I 
Tj = «°C 
\ 
1 \ 
1 1 
\ 
1 
v 
lC=30mA | 
> 
* 
\ 
1II 
o 
v y _rlC =20mA' 
vr 


o 
" 
0.1 
IC= 1QmAJ-U« 


1 
* 
0 
1 
0.1 
0.2 
0.5 
1.0 
2.0 
5.0 
10 
IB.BASE CURRENT (mA| 


FIGURE 4 - TEMPERATURE COEFFICIENTS 


2.5 


2.0 
1 1 r 
J.,0 
E„ 
% 10 
25°C to I25°C / 
1 
M 


FT 
0 


1wc(otVcent) 
^A 


S 
-0 5 
S 
* 
-1.0 


-55°C to 25°C 
| 
| 


S 
-15 — 
1 
tor Vdc 
-SS°Cto'l2S°C J\-'' 


-2 5 
1 1 
' 
\ 
.0 
2. 0 
3. 0 
5 0 
7.0 
10 
2 ) 
30 
SO 
70 
100 
lC.COLLECTOR CURRENT (mAI 


FIGURE 6 - CURRENT GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - 
ACTIVE REGION SAFE OPERATING AREA 


1 k 


20 
50 
100 
200 
300 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


2-250 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCES 
40 
Vdc 
Collector-BaseVoltage 
VCBO 
50 
Vdc 
Emitter-Base Voltage 
VEBO 
12 
Vdc 


Collector Current — Continuous 
•c 
1.0 
Adc 
Total Device Dissipation @ Ta = 25X 
Derate above 25X 
PD 
1.0 
8.0 
Watt 
mW/X 
Total DeviceDissipation @ Tc = 25X 
Derate above 25X 
pd 
2.5 
20 
Watts 
mW/X 
Operating and Storage Junction 
Temperature Range 
Tj. Tgtfl 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
XAV 


ELECTRICAL CHARACTERISTICS (Ta = 2SXunlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSW45 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


DARUNGTON TRANSISTOR 


NPN SIUCON 


Refer to 2N6426 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dC •= 100 uAdc, Vbe = 0) 
V(BR)CES 
40 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, Ie = 0) 
V(BR)CBO 
50 
- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 uAdc, lc = 0) 
v(BR)EBO 
12 
- 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc. ie = 0) 
>CBO 
- 
100 
nAdc 


Emitter Cutoff Current 
(Veb = 10 Vdc. IC = 0) 
>EBO 
— 
100 
nAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 200 mAdc. VCe = 5.0 Vdc) 
dC *-500 mAdc,Vce = 5.0 Vdc) 
dc " 10 Adc, Vce " 5.0 Vdc) 
Collector-EmitterSaturation Voltage 
dC° 1.0 Adc. Ib ** 2.0 mAdc) 
Base-Emitter Saturation Voltage 
dC a 1.0 Adc, Ib " 2.0 mAdc) 


Base-Emitter On Voltage 
dc " 1.0Adc,VcE " 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC ° 200 mAdc,Vce = 5.0 Vdc, f ° 100 MHz) 


Collector-Base Capacitance 
(VCB " 10 Vdc, Ie ° 0, f = 1.0 MHz) 
(1)Pulse Test: Pulse Width « 300 us. DutyCycle< 2.0%. 
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2-251 


hFE 


VCE(sat) 


VBE(sat) 


vBE(on) 


Ccb 


25,000 
15,000 
4,000 


100 


150,000 


1.5 
Vdc 


2.0 
Vdc 


2.0 
Vdc 


MHz 


PF 


MOTOROLA SEMICONDUCTORS 


MPSW51 
MPSW51A 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH CURRENT TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
MPSW51 
MPSW51A 


VCEO 
30 
40 


Vdc 


Collector-Base Vottage 
MPSW51 
MPSW51A 


VCBO 
40 
50 


Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1000 
mAdc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
PD 
1.0 
8.0 
mW 
mW/X 


Total Device Dissipation @ Tc = 25X 
Derate above 25X 
pd 
2.5 
20 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
XAV 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwisenoted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc,Ib = 0) 


Collector-Base Breakdown Voltage 
(lc = 100 uAdc. Ie = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 100 uAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 30 vdc, ie = o) 
(VCB = 40 Vdc, Ie = 0) 


Emitter Cutoff Current 
(vEb ° 3.o vdc, ic = o) 


ON CHARACTERISTICS!!) 


DC Current Gain 
(lC = 10mAdc, Vce = 10 Vdc) 
dC = 100mAdc, Vce = 1° Vdc) 
(lc = 1000 mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dc = 1000mAdc.Ib = 100 mAdc) 


Base-Emitter On Voltage 
dC " 1000 mAdc. VcE 
1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 50mAdc, Vce " 10V<*c. f = 20MHz) 


Output Capacitance 
(Vcb = 1° Vdc' 'e = Q' * = 1-Q MH*> 
(1)Pulse Test: Pulse Width < 300 us, Duty Cycle « 2.0%. 
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FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 2 - 
COLLECTOR SATURATION REGION 
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FIGURE 7 - 
ACTIVE REGION-SAFE OPERATING AREA 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSW55 MPSW56 
Unit 
Collector-Emitter Voltage 
VCEO 
60 
80 
Vdc 
Collector-Base Voltage 
VCBO 
60 
80 
Vdc 
Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 
Total Device Dissipation @ Ta = 25X 
Derate above 25X 
Pd 
1.0 
8.0 
Watt 
mW/X 
TotalDeviceDissipation @Tc = 25X 
Derate above 25X 
pd 
2.5 
20 
Watts 
mW/X 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
Thermal Resistance, Junction to Case 
Rajc 
50 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
XAV 


ELECTRICAL CHARACTERISTICS (Ta = 26X unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-EmitterBreakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc, lc = 0) 


Collector Cutoff Current 
(Vce = 40 Vdc, is = oj 
(VCE = 60 Vdc. 1b = 0) 


Collector Cutoff Current 
(Vcb = 40 Vdc. l£ = 0) 
(VCB = 60 Vdc, Ie = 0) 


Emitter Cutoff Current 
(Veb ° 3.0 Vdc, ic = o) 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 50 mAdc, Vce = 10 Vdc) 
dC ° 250 mAdc, Vce ° 1-0Vdc) 
Collector-EmitterSaturation Voltage 
dC " 250 mAdc, Ib = 10 mAdc) 


Base-Emitter On Voltage 
dC ° 250 mAdc,Vce = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 250 mAdc. Vce " 5.0 Vdc.f ° 100 MHz) 


Output Capacitance 
(Vcb = 10 Vdc, f - 
1.0 MHz) 
(1)Pulse Test: Pulse Width «s300 us. Duty Cycle * 2.0%. 
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MPSW55 
MPSW56 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


AMPUFIER TRANSISTOR 


PNP SIUCON 


Symbol 


V(BR)CEO 


v(BR)EBO 


'CEO 


>CBO 


•ebo 


hFE 


VCE(sat) 


vBE(on) 


C0bo 


Min 


60 
80 


4.0 


80 
50 


50 


Max 
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0.1 
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15 
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Vdc 


Vdc 
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Vdc 


MHz 
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FIGURE 7 - ACTIVE REGION - SAFE OPERATING AREA 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
60 
80 100 


MOTOROLA SEMICONDUCTORS 


MPSW60 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH VOLTAGE 
TRANSISTOR 


PNP SIUCON 


Refer to MPSW92 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
300 
Vdc 


Collector-Base Voltage 
VCBO 
300 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rwc 
50 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 
Symbol 
Min 
Max 
UnHZ\ 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC° 1-0 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC " 100uAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(lE ° 10.0 uAdc, lc " 0) 


Collector Cutoff Current 
(Vcb = 200 vac* 'e = °) 


Emitter Cutoff Current 
(VBe = 30 Vdc» 'C " Q) 
ON CHARACTERiSTlCSd) 


DC Current Gain 
(lC = 1.0mAdc, Vce = 10Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 30 mAdc,Vce " 10Vdc) 


Collector-Emitter Saturation Voltage 
dC ° 20 mAdc,Ib ° 2.0 mAdc) 


Base-Emitter On Voltage 
dC " 20 mAdc, Vce ° 10vdc> 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 20 Vdc'f ' 
20 MHz) 


Collector-Base Capacitance 
(Vcb " 20 Vdc, lE°0,f 
10 MHz) 
(1)Pulse Test: Pulse Width * 300 us, DutyCycle< 2.0%. 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


>CBO 


<EBO 


hFE 


VCE(sat) 


VBE(on) 


Ccb 
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300 


300 


5.0 


25 
30 
25 


60 


0.2 


0.1 


0.75 


0.9 


8.0 


Vdc 


Vdc 


Vdc 


uAdc 


uAdc 


Vdc 


Vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSW63 
MPSW64 
Unit 


Collector-Emitter Voltage 
VCES 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
10 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25 C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj, Tgtg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
"we 
50 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
°CAV 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPSW63 
MPSW64 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


DARLINGTON TRANSISTOR 


PNP SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 100 uAdc, Vbe = 0) 
V(BR)CES 
30 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so Vdc. Ie = o) 
ICBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(Veb = 10 vdc. ic = o) 
>EBO 
— 
100 
nAdc 


ON CHARACTERISTtCSd) 


OC Current Gain 
dC = 10 mAdc.Vce = 5.0Vdc) 
MPSW63 
MPSW64 


dC = 100 mAdc.Vce «-5.0 Vdc) 
MPSW63 
MPSW64 


hFE 
5,000 
10,000 


10,000 
20,000 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
dC = 100 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
•T 
125 
— 
MHz 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle < 2.0%. 
(2)fT=|hfe|-ftest- 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPSW63, MPSW64 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGE 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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FIGURE 3 - COLLECTOR SATURATION REGION 
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FIGURE 5- CURRENTGAIN-BANDWIDTHPRODUCT 
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FIGURE 6 - 
CAPACITANCE 
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FIGURE 7 - 
ACTIVE REGION. SAFE OPERATING AREA 
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MOTOROLA SEMICONDUCTORS 


MPSW92 
MPSW93 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


HIGH VOLTAGE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSW92 MPSW93 
Unit 


Collector-Emitter Voltage 
VCEO 
300 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
200 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


Total Device Dissipation @TA= 25°C 
Derate above 25°C 
Pd 
1.0 
8.0 
Watt 
mW/°C 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
50 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
125 
•CAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
«C = 1.0 mAdc, Ib = 0) 
MPSW92 
MPSW93 


V(BR)CEO 
300 
200 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 AiAdc, Ie = 0) 
MPSW92 
MPSW93 


V(BR)CBO 
300 
200 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig •= 100 uAdc, lc = 0) 
v(8R)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200 Vdc. Ie = 0) 
MPSW92 
(Vcb = 160 Vdc, Ie = 0) 
MPSW93 


'CBO 


- 
0.25 
0.25 


/(Adc 


Emitter Cutoff Current 
(Veb = 3.o vdc, ic = o) 
<EBO 
— 
0.1 
iiAdc 


ON CHARACTERISTtCSd) 


DC Current Gain 
(lC= 1.0mAdc, Vce = 10 Vdc) 
BothTypes 
dC = 10 mAdc, Vce = 10Vdc) 
BothTypes 
dC = 30 mAdc,Vce = 10 Vdc) 
MPSW92 
MPSW93 


hFE 
25 
40 
25 
25 


- 


_ 


Collector-Emitter Saturation Voltage 
(lC = 20 mAdc,Is = 2.0 mAdc) 
MPSW92 
MPSW93 


VCE(sat) 


- 
0.5 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib - 2.0 mAdc) 
vBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc. VCe = 20 Vdc,f = 20 MHz) 
fT 
50 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 20Vdc,Ie = 0, f = 1.0 MHz) 
MPSW92 
MPSW93 


Ccb 
z 
6.0 
8.0 


PF 


(1) Pulse Test: Pulse Width < 300 fts. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
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FIGURE 7 - 
ACTIVE REGION SAFE OPERATING AREA 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
VR 
100 
Vdc 


Recurrent Peak Forward Current 
if 
200 
mA 


Peak Forward Surge Current 
(Pulse Width = 10 jtsec) 
'FM(surge) 
SOO 
mA 


Power Dissipation @ Ta = 25°C 
Derate above 25°C 
pd<U 
625 
5.0 
mW 
mW/»C 


Operating and Storage Junction 
Temperature Range 
Tj-Tstgd) 
-55 to +135 
•c 


MSD6100 


CASE 29-02, STYLE 3 
TO-92 (TO-226AA) 


DUAL SWITCHING DIODE 
COMMON CATHODE 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
Breakdown Voltage 
(l(BR) = 100 ftAdc) 
V(BR) 
100 
— 
Vdc 


Reverse Current 
(Vr = 100 Vdc) 
(Vr = 50 Vdc) 
(Vr = 50Vdc,TA= 125»C) 


IR 


- 
5.0 
0.1 
20 


ftAdc 


Forward Voltage 
dF = 1.0 mAdc) 
(IF = 10 mAdc) 
(If = 100 mAdc) 


VF 
0.55 
0.67 
0.75 


0.7 
0.82 
1.1 


Vdc 


Capacitance 
(Vr = 0) 
C 
— 
1.5 
PF 


Reverse Recovery Time 
dp = Ir = 10 mAdc.Vr = 5.0 Vdc,irr = 1.0 mAdc) 
«rr 
— 
4.0 
ns 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pq 
Derate above25°C —8.0mW/"C, Tj = -65 to +150°C, fjjc = 125'CAV. 
1.0W@Tc = 25'C, 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MSD6102 


CASE 29-02, STYLE 3 
TO-92 (TO-226AA) 


DUAL DIODE 
COMMON CATHODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
70 
Vdc 


Recurrent Peak Forward Current 
"F 
200 
mA 


Peak Forward Surge Current 
(Pulse Width = 10 fts) 
JpM(surge) 
500 
mA 


Power Dissipation @ Ta = 25°C 
Derate above 25°C 
pd(U 
625 
5.0 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj.TstgO) 
-55 to +135 
°C 


(1)Continuous package improvements have enhanced these guaranteed Maximum 
Ratingsas follows: Pq = 1-0W@ Tc = 25'C,Derateabove 25°C —8.0 m\N/°C. 
Tj = -65 to +150°C. &jc = 125'CAV. 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Breakdown Voltage 
(l(BR) = 100 MAdc) 


Reverse Current 
(Vr = 50 Vdc) 


Forward Voltage 
(If = 10 mAdc) 


Capacitance 
(Vr = 0) 


Characteristic 


Reverse Recovery Time 
(|F= Ir ° 10mAdc, Vr = 5.0Vdc, \„ = 1.0mAdc) 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR) 


VF 
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MIn 
Max 
Unit 


70 
Vdc 


0.1 
iiAdc 


1.0 
Vdc 


3.0 
PF 


100 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
70 
Vdc 


Peak Forward Recurrent Current 
if 
200 
mA 


Peak Forward Surge Current 
(Pulse Width = 10 fts) 
'FM(surge) 
500 
mA 


Total Device Dissipation @ Ta = 25*C 
Derate above 25°C 
pd(D 
625 
5.0 
mW 
mWC 


Operating and Storage Junction 
Temperature Range 
Tj.TS,g(1) 
-55 to +135 
'C 


MSD6150 


CASE 29-02, STYLE 4 
TO-92 (TO-226AA) 


DUAL DIODE 
COMMON ANODE 


ELECTRICALCHARACTERISTICS (Ta ° 26'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Breakdown Voltage 
(I(FJR) = 100 fiAdc) 
V(BR) 
70 
— 
— 
Vdc 


Reverse Current 
(Vr = 50 Vdc) 
IR 
— 
— 
0.1 
ftAdc 


Forward Voltage 
dp = 10 mAdc) 
VF 
— 
0.80 
1.0 
Vdc 


Capacitance 
(Vr - 0) 
C 
— 
5.0 
8.0 
pF 


Reverse Recovery Time 
dp = Ir = 10 mAdc, Vr = 5.0 Vdc, irr = 1.0 mAdc) 
trr 
— 
— 
100 
ns 


(1) Continuous package improvements haveenhancedthese guaranteed Maximum Ratings as follows: Pd = 1.0W@Tc = 25°C, Derate 
above 8.0mW/°C, Pq = 10W@Tc = 25'C, Derate above 80mW/°C, Tj,T^g = -55 to +150°, &jc = 12.5'CAV. &ja = 125°C. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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SOT-23 


CASE 318 


TO-236AA 
TO-236AB 


SOT-89 


CASE 345-01 


A wide varietyof discrete components from Motorola's rep 
ertoire of reliability-proven semiconductor processes and geom 
etries are available in the SOT-23 and SOT-89 packages. Prod 
ucts Include Bipolar and Field-Effect Transistors, Switching, 
Zener and Varactor Diodes. 
As an additional service to our customers SOT-23's are avail 
able in: 
• 8 mm tape and reel 


• reverse pinout 
• standard profile (TO-236AA) or 
low profile (TO-236AB) 
ContactyourMotorola representativeforordering information. 
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Microminature 
Products 


BAL99 


CASE 318-02/03, STYLE 17 
SOT-23 (TO-236AA/AB) 


SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Continuous Reverse Voltage 
Vr 
70 
Vdc 


Peak Forward Current 
if 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


'Total Device Dissipation, Ta = 25'C 
Derate above 25'C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


'Thermal Resistance Junction to Ambient 
RftJA 
357 
°CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(Vr = 70 V) 
(Vr = 25 V.Tj = 150'C) 
(Vr = 70 V, Tj = 150'C) 


tR 


- 


2.5 
30 
50 


ftA 


Reverse Breakdown Voltage 
(Ir = 100 ftA) 
V(BR) 
70 
— 
V 


Forward Voltage 
(lp = 1.0 mA) 
dp = 10 mA) 
dp = 50 mA) 
(lp = 100 mA) 


vF 


- 
715 
855 
1100 
1300 


mV 


Recovery Current 
(lp = 10 mA Vr = 5.0 V,Rl = 500 O) 
Qs 
— 
45 
pC 


Diode Capacitance 
(Vr = 0, f = 1.0 MHz) 
CD 
— 
1.5 
PF 


Reverse Recovery Time 
dp » |R = 10mA, Rl => 100O,measuredat Ir = 1.0mA) 
trr 
— 
6.0 
ns 


Forward Recovery Voltage 
dp = 10 mA. tr = 20 ns) 
vfr 
— 
1.75 
V 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Continuous Reverse Voltage 
Vr 
75 
vcc 
Peak Forward Current 
if 
200 
mA 


Peak Forward Surge Current 
'FM(surne) 
500 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
... Max 
Unit 


'Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


'Thermal Resistance Junction to Ambient 
RftJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


BAS16 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


SWITCHING DIODE 


Symbol 
Min 
Max 
Unit 


Reverse Voltage Leakage Current 
(VR = 75 V) 
(Vr = 75V.Tj = 150'C) 
(Vr = 25 V, Tj = 150°C) 


IR 


- 
1.0 
50 
30 


uA 


Reverse Breakdown Voltage 
(IBr = 100 ftA) 
V(BR) 
75 
— 
V 


Forward Voltage 
dp = 1.0 mA) 
flp = 10 mA) 
dp = 50 mA) 
dp = 100 mA) 


VF 


- 
715 
855 
1100 
1300 


mV 


Diode Capacitance 
(Vr = 0, f = 1.0 MHz) 
cd 
— 
2.0 
PF 


Forward Recovery Voltage 
dp = 10 mA, tr = 20 ns) 
Vfr 
— 
1.75 
V 


Reverse Recovery Time 
dp = |R = io mA, Rl = 100 O) 
trr 
— 
6.0 
ns 


Stored Charge 
dF = 10 mA to Vr = 5.0 V, Rl = 500 O) 
Qs 
— 
45 
PC 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BAV70 


CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) 


SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
70 
Vdc 


Forward Current 
if 
200 
mAdc 


Peak Forward Surge Current 
'FM(surge) 
500 
mAdc 
| 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


'Total Device Dissipation, Ta ° 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


'Thermal Resistance Junction to Ambient 
RflJA 
357 
"CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 /iAdc) 
V(BR) 
>70 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25 Vdc,Tj = 150'C) 
(Vr = 70 Vdc) 
(VR = 70Vdc.Tj = 150'C) 


IR 


- 


60 


S.O 
100 


ftAdc 


Diode Capacitance 
(Vr = 0,f = 1.0 MHz) 
CT 
— 
1.5 
PF 


Forward Vottage 
dp = 1.0 mAdc) 
dp = 10 mAdc) 
(lp = SOmAdc) 
(lp =• 100 mAdc) 


vf 


— 


715 
855 
1100 
1300 


mVdc 


Reverse Recovery Time 
(lp = Ir =» 10 mAdc, Vr = 5.0 Vdc, 
IR(REC) = 1-0mAdc) (Figure1) 


Vr 
6.0 
ns 


820 n 


+10 V 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


INPUT SIGNAL 


if—i 


iR(REC)=10mA 


OUTPUT PULSE 
dp = |R = to mA; measured 
a*'R(REC) = 10 mA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (lp) of 10 mA. 
2. Input pulse is adjusted so iR(peak) teequalt010mA. 
3. tp «Irr 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Vatue 
UnH 
Reverse Voltage 
Vr 
50 
Vdc 


Forward Current 
if 
200 
mAdc 
Peak Forward Surge Current 
'FM(surge) 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
'Total Device Dissipation, Ta = 25'C 
Derate above 25'C 
PD 
350 
2.8 
mW 
mW/X 
Storage Temperature 
Tata 
150 
•c 


'Thermal Resistance Junction to Ambient 
RflJA 
357 
°CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unlessotherwise noted.) 


Characteristic 


BAV74 


CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) 


SWITCHING DIODE 


Symbol 
Min 
Max 
UnH 
OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(•(BR) = 5.0 ftAdc) 
V(BR) 
50 
- 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 60Vdc,Tj = 125'C) 
(Vr = 50 Vdc) 


IR 


- 
100 
0.1 


/iAdc 


Diode Capacitance 
(Vr = 0. f = 1.0 MHz) 
cT 
— 
2.0 
PF 


Forward Voltage 
(IF = 100 mAdc) 
vf 
— 
1.0 
Vdc 


Reverse Recovery Time 
(IF = Ir = 10mAdc, iR(REC) = 1-0 mAdc, measured at Ir = 1.0mA, Rl = 100 O) 
trr 
— 
4.0 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BAV99 


CASE 318-02/03, STYLE 11 
SOT-23 (TO-236AA/AB) 


DUAL SERIES 
SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
VR 
70 
Vdc 


Forward Current 
if 
100 
mAdc 


Peak Forward Surge Current 
'FM(surge) 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


'Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/*C 


Storage Temperature 
Tsta 
150 
♦c 


'Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(HBRl°100pA) 
Reverse Voltage Leakage Current 
(Vr = 25Vdc,Tj = 150°C) 
(Vr = 70 Vdc) 
(Vr ° 70Vdc.Tj ° 150'C) 


Diode Capacitance 
(Vr = 0, f « 1.0 MHz) 


Forward Voltage 
dp = 1.0 mAdc) 
(lp = 10 mAdc) 
dp = 50 mAdc) 
(lp ° 100 mAdc) 


Reverse Recovery Time 
(|F = |R = 1Q mAdc, iR(REC) = 1° mAdc) (Figure 1) 


V(BR) 


CT 


vf 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


820 11 


+10 V 


INPUT SIGNAL 


70 


if—i 


30 
2.5 
50 


1.5 


715 
855 
1100 
1300 


6.0 


Vdc 


fiAdc 


PF 


mVdc 


'R(REC)=10mA 


OUTPUT PULSE 
dp = iR = 10 mA; measured 
at iR(REC) = 10 mA) 


Notes: 1. A2.0Mlvariable resistor adjusted for a Forward Current (lp) of10mA. 
2. Input pulse isadjusted so tR(peak) isequal to10mA. 
3. tp»trr 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Reverse Voltage 
VR 
70 
Vdc 


Forward Current 
'f 
200 
mAdc 
Peak Forward Surge Current 
'FM(surae) 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total DeviceDissipation, Ta = 25'C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
TStfl 
150 
°C 
'Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 
'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


BAW56 


CASE 318-02/03, STYLE 12 
SOT-23 (TO-236AA/AB) 


DUAL 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (TA =• 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 
OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
<'(BR) = 100 fiAdc) 
V(BR) 
70 
- 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25Vdc,Tj = 150'C) 
(Vr = 70 Vdc) 
(Vr = 70 Vdc.Tj = 150'C) 


IR 


- 
30 
2.S 
50 


^tAdc 


Diode Capacitance 
(Vr = 0,f= 1.0 MHz) 
cT 
— 
2.5 
PF 


Forward VoKage 
dp =• 1.0 mAdc) 
dp » 10 mAdc) 
(IF = 50 mAdc) 
(IF = 100 mAdc) 


Vf 


- 
715 
855 
1100 
1300 


mVdc 


Reverse Recovery Time 
(lp = |R = 10 mAdc, Irjrec) = 10 mAdc) (Figure 1) 
trr 
— 
6.0 
ns 


820 n 


+10 V 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


tr|««-tp_«»| 
t—» 


4-10% 


if—i 


INPUT SIGNAL 


Notes: 1. A2.0knvariable resistor adjusted for a Forward Current (lp) of10mA. 
2. Input pulse isadjusted so iR(peak) isequal to10mA. 
3. tp.tf,. 


-trr- 


•R(REC)=10mA 


OUTPUT PULSE 
dp = Ir = 10 mA; measured 
at'R(REC) = 1.0 mA) 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BCW29.30 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25'Cunless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 2.0mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
dc = loo ftAdc. Veb = Q) 


Collector-Base Breakdown Voltage 
dc ° 10ftAdc. lc = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10jxAdcJc = 0) 


Collector Cutoff Current 
(Vcb = 20 vdc. Ie = oj 
(Vcb = 20Vdc,Ie " 0. Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 2.0mAdc, Vce = 5.0Vdc) 


Collector-Emitter Saturation Voltage 
(lC= 10 mAdc,Ib = 0-5mAdc) 


Base-Emitter On Voltage 
dC = 2.0mAdc, Vce ° 5.0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Ie = o. Vce ° io Vdc'f ° 10 MHz) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/"C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5%alumina 10 x 8 x 0.6 mm. 


BCW29 
BCW30 


Symbol 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 


V(BR)EBO 


<CBO 


hFE 


VCE(sat) 


VBE(on) 


CODo 


MIn 


20 


30 


30 


5.0 


120 
215 


0.6 


Max 


100 
10 


260 
500 


0.3 


0.75 


7.0 


UnH 


Vdc 


Vdc 


Vdc 


Vdc 


nAdc 
ftAdc 


Vdc 


Vdc 


PF 


Noise Rgure 
(lC = 0.2 mAdc, Vce = 5.0Vdc, Rs = 2.0 kO, f = 1.0 kHz, 
BW = 200 Hz) 


dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
vCEO 
20 
Vdc 
Collector-Base Voltage 
VCBO 
30 
Vdc 
Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
'Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
pd 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
Tsta 
150 
'C 


'Thermal Resistance Junction to Ambient 
RflJA 
357 
'CAN 
'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


BCW31,32,33 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to MPS3304 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Iq = 0) 
v(BR)CEO 
20 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 ftAdc,lB = 0) 
V(BR)CBO 
30 
, 
— 
• 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 2.0 mAdc, Vce = 5.0 Vdc) 
BCW31 
BCW32 
BCW33 


hFE 
110 
200 
420 


220 
450 
800 


— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 
— 
0.25 
Vdc 


Base-Emitter On Voltage 
dC = 2.0 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
0.55 
0.70 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
He = o, Vcb = 10 vdc, f = 1.0 mhz) 
C0bo 
- 
4.0 
pF 


Noise Figure 
dC = 0.2 mAdc,Vce = 5.0 Vdc, Rs = 2.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 


NF 
^ 
10 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BCW60A.B.C.D 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to MPS3904 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
32 
Vdc 


Collector-Base Vottage 
VCBO 
32 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


'Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


'Thermal Resistance Junction to Ambient 
RflJA 
357 
'CAN 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 
Max 
| 
UnH 
| 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC= 2.0mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE ° I.OfiAdc, IC = 0) 


Collector Cutoff Current 
(VCe = 32 Vdc) 
(VCE " 32Vdc.TA= 150°C) 


Emitter Cutoff Current 
(Veb = 4-Q v<fc> ic = Q) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10uAdc. Vce = 5.0Vdc) 


dC = 2.0 mAdc, Vce = 5.0Vdc) 


dC = 50 mAdc,Vce = 1° Vdc) 


(lc = 2.0mAdc, Vce = 5.0Vdc. f = 1.0kHz) 


Collector-Emitter Saturation Voltage 
(IC = 50 mAdc, Ib = 1.25mAdc) 
dC ° 10 mAdc,Ib ° 0-25mAdc) 


Base-Emitter Saturation Vottage 
dC = 50 mAdc,Ib = 1.25 mAdc) 
dC = 50 mAdc,Ib - 0.25 mAdc) 


Base-Emitter On Voltage 
(lC = 2.0 mAdc,Vce " 5.0 Vdc) 


MOTOROLA SEMICONDUCTORS 


BCW60A 
BCW60B 
BCW60C 
BCW60D 


BCW60A 
BCW60B 
BCW60C 
BCW60D 


BCW60A 
BCW60B 
BCW60C 
BCW60D 


BCW60A 
BCW60B 
BCW60C 
BCW60D 
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Symbol 


V(BR)CEO 


V(BR)EBO 


Ices 


(ebo 


hFE 


VCE(sat) 


VBE(sat) 


VBE(on) 


Min 


32 


5.0 


20 
40 
100 


120 
180 
250 
380 


60 
70 
90 
100 


125 
175 
250 
350 


0.7 
0.6 


0.55 


20 
20 


20 


220 
310 
460 
630 


250 
350 
500 
700 


0.55 
0.35 


1.05 
0.85 


0.75 


Vdc 


Vdc 


nAdc 
pAdc 


nAdc 


Vdc 


Vdc 


SMALL-SIGNAL DEVICES 


BCW60A,B,C,D 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25'C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 1.0 MHz) 
fT 
125 
- 
MHz 


Output Capacitance 
(Vce = 10 vdcic = o, f = 1.0 mhz) 
C0bo 
— 
4.5 
PF 


Noise Figure 
dC = 0.2 mAdc,Vce = 5.0 Vdc, Rs = 2.0 kn, 
f = 1.0 kHz. BW = 200 Hz) 


NF 
— 
6.0 
dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dC = 10 mAdc, Ibi ° 1.0 mAdc) 
lon 
— 
150 
ns 


Turn-Off Time 
dB2 = 10 mAdc, Vrb = 3.6 Vdc, Ri = R2 = 5.0 kn. 
RL = 990 il) 


•off 
~~ 
800 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BCW61A,ByC,D 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
32 
Vdc 


Collector-Base Voltage 
VcBO 
32 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25*C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstn 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5C86 for graphs. 


ELECTRICALCHARACTERISTICS (TA= 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAdc, Ib = 0) 
V(BR)CEO 
32 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE » 1.0 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCe - 32 Vdc) 
(Vce = 32 Vdc.TA = 150°C) 


<CES 
20 
20 
nAdc 
ftAdc 


ON CHARACTERtSTtCS 


DC Current Gain 
(lC = 10/iAdc, Vce = 5.0Vdc) 
BCW61A 
BCW61B 
BCW61C 
BCW61D 


dC = 2.0mAdc, VCe = 5.0Vdc) 
BCW61A 
BCW61B 
BCW61C 
BCW61D 


dC = 50 mAdc, Vce = 10 Vdc) 
BCW61A 
BCW61B 
BCW61C 
BCW61D 


(Ir = 2.0 mAdc.Vce = 5.0 Vdc,f = 1.0 kHz) 
BCW61A 
BCW61B 
BCW61C 
BCW61D 


hFE 


20 
40 
100 


120 
140 
250 
380 


60 
80 
100 
100 


125 
175 
250 
350 


220 
310 
460 
630 


250 
350 
500 
700 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Is => 1-25mAdc) 
(lC= 10 mAdc,Ib = 0.25mAdc) 


VCE(sat) 


- 
0.55 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 1-25mAdc) 
(lC= 10 mAdc,Ib = 0.25mAdc) 


VBE(sat) 
0.68 
0.6 
1.05 
0.85 


Vdc 


Base-Emitter On Voltage 
dC = 2.0 mAdc.Vce = 5.0 Vdc) 
VBE(on) 
0.6 
0.75 
Vdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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BCW61A,B,C,D 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.] 


Characteristic 
SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCE ° 10 Vdc, lc ° 0. f = 1.0 MHz) 
Noise Rgure 
dp " 0-2 mAdc. Vce ° 5.0Vdc, Rs = 2.0kn,f = 1.0kHz, BW = 200 Hz) 


SWITCHINGCHARACTERISTICS 


Turn-On Time 
dC = 10 mAdc.Ibi ° 1.0 mAdc) 


Turn-Off Time 
dB2 " 1-0 mAdc, Vrb = 3.6Vdc. Ri = Rg = 5.0kn.Rl = 990 O) 


SMALL-SIGNAL DEVICES 
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Symbol 
Min 
Max 
UnH 


CODO 
6.0 
PF 


NF 
6.0 
dB 


kin 
150 


toff 
800 


MOTOROLA SEMICONDUCTORS 


BCW65A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
32 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
800 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
'C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
"CAV 


•Package mounted on 99.5% alumina10x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnHn 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10mAdc, Ib ° 0) 


Collector-Emitter Breakdown Voltage 
dc = 10ftAdc. Veb ° 0) 


Emitter-Base Breakdown Voltage 
(IE = 10/tAdc. lc " 0) 


Collector Cutoff Current 
(VcE = 32Vdc, Ie = 0) 
(Vce ° 32Vdc. Ie =• 0. Ta = iso^) 


Emitter Cutoff Current 
(Veb ° 4.ovdc, ic = Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 100ftAdc, Vce = 1°Vdc) 
dc = 10mAdc,Vce = 10 Vdc) 
dC = 100mAdc,Vce = 1° Vdc) 
dC ° 500mAdc,Vce = 2.0Vdc) 


Collector-Emitter Saturation Voltage 
(lC = 500mAdc,Ib ° 50mAdc) 
(lc = 100mAdc, Ib ° 10 mAdc) 


Base-Emitter Saturation Voltage 
dc ° 600mAdc,Ib ° SO mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20mAdc, Vce = 1°Vllc'f " 10°MHz* 


Output Capacitance 
(Vcb =• io vdc, Ie ° o.f ° 1.0mhz) 


Input Capacitance 
(Veb ° 05 Vdc,lc°0,f° 10 MHz) 


Noise Figure 
(lC = 0.2mAdc, Vce = 5.0Vdc, Rs = 10 Ml. 
f = 1.0 kHz. BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ibi ° lB2 = 15 mAdc) 


Turn-Off Time 
(IC = 160mAdc,Rl = 150O) 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CES 


V(BR)EBO 


<CES 


>EBO 


hpE 


VCE(sat) 


VBE(sat) 


Cobo 


Cjbo 


NF 


ion 


toff 


3-14 


32 


60 


5.0 


35 
75 
100 
35 


100 


0.7 
0.3 


20 
20 


20 


220 
250 


2.0 


12 


80 


10 


100 


400 


Vdc 


Vdc 


Vdc 


nAdc 
fiAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


PF 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
45 
Vdc 
Collector-BaseVoltage 
VCBO 
75 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 
Collector Current — Continuous 
ic 
800 
mAdc 


THERMAL CHARACTERISTICS 


BCW66F 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Characteristic 
. 
Symbol 
Max 
UnH 
•TotalDevice Dissipation, Ta = 25'C 
Derate above 25*C 
PD 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
Tsta 
150 
•c 
•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 
•Package mounted on 99.5%alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA - 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
dC " 10 mAdc, Ib = 0) 
Collector-Emitter Breakdown Voltage 
dC = 10ftAdc,Veb ° 0) 
Emitter-Base BreakdownVoltage 
(IE = 10 ftAdc.lc ° 0) 


Collector Cutoff Current 
(Vce = 45 Vdc.lc = 0) 
(VCE ° 45Vdc.lc °0,Ta° 150°C) 


Emitter Cutoff Current 
(Veb " 4.o vdc, ic ° o) 


ON CHARACTERISTICS 


OC Current Gain 
(lC= 100ftAdc, VCe = 10 Vdc) 
dC = 10 mAdc,Vce = 10 Vdc) 
dC = 100mAdc,Vce = 10 Vdc) 
dC " 500 mAdc.Vce ° 2.0 Vdc) 
Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
(lC ° 100mAdc,Ib ° 10 mAdc) 
Base-EmitterSaturation Voltage 
dC = 500 mAdc,Ib = SO mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dp = 20 mAdc,Vce " 10 Vdc,f = 100MHz) 
Output Capacitance 
(Vcb ° io Vdc, Ie ° o, f = i.o mhz) 
Input Capacitance 
(VEB ° 05 Vdc, lc " 0, f = 1.0 MHz) 


Noise Figure 
dC = 0.2mAdc, Vce = 5.0Vdc, Rs = 1.0Ml, 
f = 1.0 kHz. BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(IBI ° »B2 = 15 mAdc) 


Turn-Off Time 
dC = 160 mAdc, Rl = 150 n) 


SMALL-SIGNAL DEVICES 


Symbol 


v(BR)CEO 


V(BR)CES 


V(BR)EBO 


ices 


>EBO 


hFE 


VCE(sat) 


vBE(sat) 


C0bo 


Cibo 


NF 


ton 


toff 


3-15 


MIn 


45 


75 


5.0 


35 
75 
100 
35 


100 


Typ 


0.7 
0.3 


Max 


20 
20 


20 


250 


2.0 


12 


80 


10 


100 


400 


UnH 


Vdc 


Vdc 


Vdc 


nAdc 
ftAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


PF 


dB 


MOTOROLA SEMICONDUCTORS 


BCW67,A,B,C 
BCW68,F,G 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
BCW67 
BCW68 
UnH 


Collector-Emitter Voltage 
VCEO 
32 
45 
Vdc 


Collector-Base Voltage 
VCBO 
45 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
800 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 


•Total Device Dissipation, Ta = 25°C 
Derate above 25'C 


Storage Temperature 


•Thermal Resistance Junction to Ambient 


Symbol 


pd 


Tstg 


RflJA 
•Package mountedon 99.5% alumina10x 8 x 0.6mm. 


Max 


350 
2.8 


150 


357 


UnH 


mW 
mW/°C 


•DW 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc, Ib = 0) 


Collector-Emitter Breakdown Voltage 
(IC = 10ftAdc, Veb = o) 


Emitter-Base Breakdown Voltage 
(IE = 10ftAdc, lc •= 0) 


Collector Cutoff Current 
(Vce = 32 vdc, Ie = o) 
(Vce ° 45 vdc. Ie = o) 
(Vce = 32Vdc, Ib = 0,Ta = 150'C) 
(VCe " 45vdc' 'B = o< TA ° iso°c) 


Emitter Cutoff Current 
(Veb ° 40 Vdc' 'c ° °> 
ON CHARACTERISTICS 


DC Current Gain 
dC = 10mAdc, Vce = 10 Vdc) 


(lC = 100 mAdc, Vce = 10 Vdc) 


(lC = 500mAdc, Vce = 10 Vdc) 


BCW67 Series 
BCW68 Series 


BCW67 Series 
BCW68 Series 


BCW67 Series 
BCW68 Series 
BCW67 Series 
BCW68 Series 


BCW67A68.F 
BCW67B.68G 
BCW67C 


BCW67A68.F 
BCW67B.68G 
BCW67C 


BCW67A68,F 
BCW67B.68G 
BCW67C 
Collector-Emitter Saturation Voltage dc = 100 mAdc, Ib ° 10mAdc) 
Base-Emitter Saturation Voltage dc = 600 mAdc, Ib ° 50mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 20mAdc, Vce = 10V<*c' * • 
100 MHz) 


Output Capacitance (Vcb = 10Vdc' 'E ° 0>f ° 1° MHz) 
Input Capacitance (Veb ° 0-5 Vdc, lc = 0.f = 10 MHz) 
Noise Rgure dc = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 10 Ml, 
f = 1.0 kHz, BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS 


3-16 


V(BR)CEO 


V(BR)CES 


V(BR)EBO 


ices 


>ebo 


hFE 


VCE(sat) 


VBE(sat) 


C0bo 


Cibo 


NF 


32 
45 


45 
60 


5.0 


75 
120 
180 


100 
160 
250 


35 
60 
100 


100 


20 
20 
10 
10 


20 


250 
400 
630 


2.0 


18 


80 


Vdc 


Vdc 


Vdc 


nAdc 


ftAdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


pF 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
45 
Vdc 
Emitter-BaseVoltage 
vebo 
5.0 
Vdc 
Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
pd 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
TStfl 
150 
°C 
•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 
•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm 


ELECTRICAL CHARACTERISTICS (TA - 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-EmitterBreakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 
Collector-EmitterBreakdown Voltage 
dc •* loo ftAdc, Veb = o) 
Emitter-Base Breakdown Voltage 
(lE = 10 ftAdc,lc = 0) 


Collector Cutoff Current 
(Vcb " 20 Vdc,l£ ° 0) 
(VCB ° 20 Vdc,Ie = 0, TA 


ON CHARACTERISTICS 


100°C) 


DC Current Gain 
dC = 2.0 mAdc, Vce 
5.0 Vdc) 


Collector-EmitterSaturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 


Base-Emitter On Voltage 
dC = 2.0 mAdc, Vce = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
dE = o, Vcb = 10 vdc, f 
1.0 MHz) 


Noise Figure 
(lC = 0.2mAdc, Vce = 5.0 Vdc, Rs = 2.0Ml, 
f = 1.0 kHz, BW = 200 Hz) 


SMALL-SIGNAL DEVICES 


BCW69 
BCW70 


3-17 


BCW69,70 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Symbol 


V(BR)CEO 


V(BR)CES 


v(BR)EBO 


•CBO 


hFE 


VCE(sat) 


vBE(on) 


cobo 


NF 


Refer to 2N5086 for graphs. 


Min 


45 


50 


5.0 


120 
215 


0.6 


Max 


100 
10 


260 
500 


0.3 


0.75 


7.0 


UnH 


Vdc 


Vdc 


Vdc 


nAdc 
ftAdc 


Vdc 


Vdc 


pF 


dB 


MOTOROLA SEMICONDUCTORS 


BCW71.72 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
Vceo 
45 
Vdc 


Collector-Base Voltage 
VcbO 
50 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25X 
Derate above 25*C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5%alumina 10 x 8 x 0.6 mm. 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA ° 2S°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc ° 2.0mAdc, Veb° 0) 


Collector-Emitter Breakdown Voltage 
(lC ° 2.0mAdc, Veb° 0) 


Collector-Base Breakdown Voltage 
dC ° 10ftAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE ° 10ftAdc. lc ° 0) 


Collector Cutoff Current 
(Vcb = 20 Vdc.Ie = 0) 
(Vcb ° 20 vdc, Ie °o,Ta° 100°°) 


ON CHARACTERISTICS 


DC Current Gain 
(lC= 2.0mAdc, Vce = 5.0Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10mAdc, Ib = 0.5mAdc) 
dC ° SO mAdc, Ib " 2.5mAdc) 


Base-Emitter Saturation Voltage 
dC ° SO mAdc, Ib ° 2.5mAdc) 


Base-Emitter On Voltage 
dc ° 2.0mAdc, Vce " 5.0Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC= 10mAdc, Vce = 5.0Vdc, f ° 35MHz) 


Output Capacitance 
dE ° 0.Vce ° 10Vdc'f ° 1° MHz| 
Input Capacitance 
dc =• 0.Veb ° osVl|c'f°1-°MHz> 


Noise Figure 
dC = 0.2 mAdc, Vce = 5.0Vdc. Rs = 2.0Ml, 
f = 1.0 kHz, BW = 200 Hz) 


MOTOROLA SEMICONDUCTORS 


BCW71 
BCW72 


3-18 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 


V(BR)EBO 


ICBO 


hFE 


VCE(sat) 


VBE(sat) 


VBE(on) 


CODo 


Cibo 


NF 


45 


45 


50 


5.0 


110 
200 


0.6 


0.21 


0.85 


300 


9.0 


100 
10 


220 
450 


0.25 


0.75 


4.0 


10 


Vdc 


Vdc 


Vdc 


Vdc 


nAdc 
ftAdc 


Vdc 


Vdc 


Vdc 


MHz 


pF 


PF 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 
Unit 
BCX17 
BCX18 


Collector-Emitter Voltage 
vCEO 
45 


Collector-Base Voltage 
VCBO 
50 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


"Total Device Dissipation, T/\ = 25°C 
Derate above 25*C 
pd 
350 


2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


"Thermal Resistance Junction to Ambient 
RflJA 
357 
"CAM 


"Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25CC unless otherwise noted. 


BCX17,18 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc, Ib = 0) 
BCX17 
BCX18 


V(BR)CEO 
45 
25 


- 
- 


Vdc 


Collector-Emitter Breakdown Voltage 
(Iq = 10 ftAdc, lc = 0) 
BCX17 
BCX18 


V(BR)CES 
50 
30 


- 
- 


Vdc 


Collector Cutoff Current 
(VCB = 20 Vdc. IE = 0) 
(VCB = 20 Vdc. IE = 0. Ta = 150°C) 


'CBO 


- 
- 
100 
5.0 


nAdc 
/tAdc 


Emitter Cutoff Current 
(VBE = 5.0 Vdc, lC = 0) 
'EBO 
— 
— 
10 
>tAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 mAdc. VCe = 1-0 Vdc) 
dC = 300 mAdc, Vce = 1-0 Vdc) 
dC = 500 mAdc. VCE = 1.0 Vdc) 


hFE 
100 
70 
40 


- 
600 


— 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
VCE(sat) 
- 
- 
0.62 
Vdc 


Base-Emitter On Voltage 
dC = 500 mAdc, VCE = 1.0 Vdc) 
VBE(on) 
— 
— 
1.2 
i 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTOR 


3-19 


BCX51 
BCX52 
BCX53 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


MAxiMUiyfiiSJiBg*^ " 
CScxii" 


1 
Rating 
Symbol] 
BCX5Z \ BCX53 
Unft I 


Collector-Emitter Voltage 
JfcSO* 
45 
60 \ 
80 
M 
Collector-Emitter Voitane 
~ 
VcER 
45 
60 
\00 
V 
\ 


Collector-Base Voltage 
VcBO 
45 
60 
100 
V 


Emitter-Base Vottage 
VEBO 
5.0 
5.0 
5.0 
v 


Base Current 
IB 
0.1 
0.1 
I 
0.1 
A 


Collector Current — Continuous 
ic 
1.0 
1.0 | 
1.0 
A 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
- 
55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


'Total Device Dissipation, Ta •= 25°C 
Derate above 25*C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


'Thermal Resistance Junction to Ambient 
R&JA 
125 
"CAV 


'Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 
BCX51 
dC = 10 mA) 
BCX52 
dC = 10 mA) 
BCX53 


V(BR)CEO 
45 
60 
80 


- 


V 


Collector-Base Breakdown Voltage 
dC = 10 ftA) 
BCX51 
(lC = 10ftA) 
BCX52 
(lC = 10ftA) 
BCX53 


V(BR)CBO 
45 
60 
100 


- 


V 


Emitter-Base Breakdown Voltage 
(lE = 10 uA) 
V(BR)EBO 
5.0 
«— 
V 


Collector Cutoff Current 
(VCB = 30 V) 
(Vcb = 30 V,Tj = 125'C) 


ICBO 


- 
100 
10 
nA 
1* 


Emitter Cutoff Current 
I 
(VEB - 3.0 V) 
>EB0 
— 
100 
nA 


ON CHARACTERISTICS 


OC Current Gain 
(lC = 5.0 mA,Vce = 2.0 V) 
dC = 150 mA,Vce = 2.0V) 
(lc = 150 mA,Vce = 2.0V) 
(iC° 500 mA.VcE = 2.0V) 


Collector-Emitter Saturation Voltage 
(IC = 500mA,Ib =* SO mA) 


Base-Emitter On Voltage 
(Ir = SOO mA, VcE " 2.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce " S.0V,lc° 10 mA,f = 35 MHz) 


MOTOROLA SEMICONDUCTORS 


BCX51 
BCX52.53 


3-20 


hFE 


VCE(sat) 


VBE(on) 


25 
40 
40 
25 


50 


250 
160 


0.5 


1.0 


MHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
BCX54 
BCX55 
BCX56 
Unit 
Collector-Emitter Voltage 
vCEO 
45 
60 
80 
V 
Collector-Emitter Voltage 
VCER 
45 
60 
100 
V 
Collector-Base Voltage 
VCBO 
45 
60 
100 
V 
Emitter-Base Voltage 
VEBO 
5.0 
5.0 
5.0 
V 


Base Current 
ib 
0.1 
0.1 
0.1 
A 


Collector Current — Continuous 
ic 
1.0 
1.0 
1.0 
A 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, Ta = 25°C 
Derate above 25"C 
Pd 
1.0 
8.0 
Watt 
mW/°C 
Storage Temperature 
Tsta 
150 
°C 
'Thermal Resistance Junction to Ambient 
R&JA 
125 
"CAV 
•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 mA) 
dC = 10 mA) 
dC = 10 mA) 


Collector-Base Breakdown Voltage 
dC = 10 ftA 
dC = 10 ftA) 
dC = 10 ftA) 


Emitter-Base Breakdown Voltage 
dE = 500 mA, lB = 50 mA) 
(/£ = 10 ftA) 
(IE = 10 ftA) 


Collector Cutoff Current 
(VCb = 30V) 
(VCB = 30 V,Tj = 125'C) 


Emitter Cutoff Current 
(VEB = 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mA, Vce = 2.0 V) 
dC = 150 mA, Vce = 2.0 V) 
(lC " SOO mA, VCE ° 2.0 V) 


Collector-Emitter Saturation Voltage 
(lC = 500 mA, Ib = 50 mA) 


Base-Emitter On Voltage 
dC ° 500 mA, Vce - 2.0 V) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCE = 5.0 V, lC = 10 mA, f = 35 MHz) 


SMALL-SIGNAL DEVICES 


3-21 


BCX54 
BCX55 
BCX56 


BCX54 
BCX55 
BCX56 


BCX54 
BCX55 
BCX56 


BCX54 
BCX55 
BCX56 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Symbol 


v(BR)CEO 


v(BR)CBO 


v(BR)EBO 


•CBO 


>EBO 


hFE 


VcE(sat) 


vBE(on) 


Min 


45 
60 
80 


45 
60 
100 


5.0 
5.0 
5.0 


25 
40 
25 


50 


Max 


100 
10 


100 


250 


0.5 


1.0 


Unit 


nA 
MA 


nA 


MHz 


MOTOROLA SEMICONDUCTORS 


BCX68 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
V 


Collector-Emitter Voltage 
VCES 
25 
V 


Emitter-Base Voltage 
VEBO 
5.0 
V 


Base Current 
>B 
100 
mA 


Base Current — Maximum 
>BM 
200 
mA 


Collector Current — Continuous 
ic 
1.0 
A 


Collector Current — Maximum 
"CM 
2.0 
A 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
I 


'Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


'Thermal Resistance Junction to Ambient 
RflJA 
125 
'CAN 


'Package mounted on 99.5%alumina 10 x 12 x 0.6 mm. 


Characteristic 
Symbol 
Min 
| 
Max 
| 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottage 
(lc = 10 mA) 
V(BR)CEO 
20 
— 
V 


Collector Cutoff Current 
(VCB = - 25 V) 


•CBO 
— 
100 
nA 


Emitter Cutoff Current 
(Veb = 5.0 V) 
>EB0 
— 
10 
MA 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 10V.lc = 5.0 mA) 
(Vce = i.ov, ic = o.5 a) 
(Vce = 1-ov. ic = io A) 


hFE 
50 
85 
60 
375 


Collector-Emitter Saturation Voltage 
(IC= 10 A, Ib = 100 mA) 
VCE(sat) 
— 
0.5 
V 


Base-Emitter On Voltage 
(Vce = 10 V,lc = 5.0 mA) 
(Vce = i.ov.ic = i.o A) 


VBE(on) 


- 
0.6 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 5.0 V, lc = 10 mA f = 20 MHz) 
fr 
65 
— 
MHz 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
V 


Collector-Emitter Voltage 
VCES 
25 
V 


Emitter-Base Voltage 
VEBO 
5.0 
V 


Base Current 
ib 
100 
mA 


Base Current — Maximum 
>BM 
200 
mA 


Collector Current — Continuous 
ic 
1.0 
A 


Collector Current — Maximum 
'CM 
2.0 
A 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25*C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RftJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


BCX69 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
[ 
Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 
V(BR)CEO 
20 
— 
V 


Collector Cutoff Current 
(VCB = 25V) 
'CBO 
— 
100 
nA 


Emitter Cutoff Current 
(VEB = 6.0 V) 
*EBO 
— 
10 
ftA 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 10 V, lc = 5.0 mA) 
(Vce = lo v, ic = 0.5 aj 
(vCe = iov, ic = i.o A) 


hFE 
50 
85 
60 
375 


Collector-Emitter Saturation Voltage 
dC = 1.0 A, Ib = 100 mA) 
VcE(sat) 
— 
0.5 
V 


Base-Emitter On Voltage 
(Vce = 10 V. lc = 5.0 mA) 
(vCe = io v, ic = i.o a) 


VBE(on) 


- 
0.6 
1.0 


V 


SMALL-SIGNAL CHARACTERISTICS 


' Current-Gain— Bandwidth Product 
(Vce " 50 V. lc = 10 mA, f = 20 MHz) 
fT 
65 
— 
MHz 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BCX70G,H,J,K 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to MPS3904 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
VCBO 
45 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 25'C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RftJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ie = 0) 
V(BR)CEO 
45 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 1.0 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 32 Vdc) 
(Vce = 32 Vdc, TA = 150°C) 


Ices 


- 
20 
20 
nAdc 
ftAdc 


Emitter Cutoff Current 
(Veb = 4.o vdc, ic = o) 
>EBO 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 ftAdc.Vce = 5.0 Vdc) 
BCX70G 
BCX70H 
BCX70J 
BCX70K 


(lC = 2.0 mAdc, Vce = 5.0 Vdc) 
BCX70G 
BCX70H 
BCX70J 
BCX70K 


dC = 50 mAdc, Vce = 10 Vdc) 
BCX70G 
BCX70H 
BCX70J 
BCX70K 


hFE 


20 
40 
100 


120 
180 
250 
380 


60 
70 
90 
100 


220 
310 
460 
630 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 1.25 mAdc) 
dC = 10 mAdc, Ib = 0.25 mAdc) 


VcE(sat) 


- 
0.55 
0.35 


Vdc 


Base-Emitter Saturation Voltage 
dC = 50 mAdc, is = 125 mAdc) 
dC = 50 mAdc, Ib = 0.25 mAdc) 


vBE(sat) 
0.7 
0.6 
1.05 
0.85 


Vdc 


Base-Emitter On Voltage 
dC = 2.0 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
0.55 
0.75 
Vdc 


MOTOROLA SEMICONDUCTORS 
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BCX70G,H,J,K 


ELECTRICALCHARACTERISTICS (continued) (Ta = 2S°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fr 
125 
- 
MHz 


Output Capacitance 
(Vce = io vdc, ic = o, f = lo mhz) 
C0bo 
— 
4.5 
pF 


Small-Signal Current Gain 
dC = 2.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
BCX70G 
BCX70H 
BCX70J 
BCX70K 


hfe 
125 
175 
250 
350 


250 
350 
500 
700 


Noise Figure 
(lC = 0.2 mAdc. Vce = 5.0 Vdc, Rs = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 


NF 
6.0 
dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dC = 10 mAdc, Ibi = 1.0 mAdc) 
*on 
— 
150 
ns 


Turn-Off Time 
dB2 = 10 mAdc, Vbb = 3.6 Vdc, Rl = R2 = 5.0 kO, 
RL = 990 O) 


toff 
800 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BCX71G,H,J,K 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
45 
Vdc 


Collector-Base Voltage 
VCBO 
45 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
"CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (TA ° 25'C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAdc. Ib = 0) 
V(BR)CEO 
45 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 1.0 ftAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 32 Vdc) 
(Vce = 32 Vdc, Ta = 150°C) 


ices 


- 
20 
20 
nAdc 
juAdc 


ON characteristics 


DC Current Gain 
dC = 10 ftAdc, Vce = 50 Vdc) 
BCX71G 
BCX71H 
BCX71J 
BCX71K 


(Ir = 2.0 mAdc, Vce = 5.0Vdc) 
BCX71G 
BCX71H 
BCX71J 
BCX71K 


dC = 50 mAdc, VCe = 1.0Vdc) 
BCX71G 
BCX71H 
BCX71J 
BCX71K 


dC •» 2.0 mAdc, Vce = 5.0Vdc.f = 1.0 kHz) 
BCX71G 
BCX71H 
BCX71J 
BCX71K 


hFE 


30 
40 
100 


120 
140 
250 
380 


60 
80 
100 
110 


125 
175 
250 
350 


220 
310 
460 
630 


250 
350 
500 
700 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 0.25 mAdc) 
(lC = 50 mAdc, Ib = 1-25mAdc) 


VcE(sat) 


- 
0.25 
0.55 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.25 mAdc) 
dC = SO mAdc, Ib = 1.25 mAdc) 


VBE(sat) 
0.6 
0.68 
0.85 
1.05 


Vdc 


Base-Emitter On Voltage 
dC = 2.0 mAdc, Vce = S.O Vdc) 
VBE(on) 
0.6 
0.75 
Vdc 


Output Capacitance 
(Vce = 10vdc, ic = o, f = i.o mhz) 
C0b0 


" 


6.0 
PF 


MOTOROLA SEMICONDUCTORS 
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BCX71G,H,J,K 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Noise Figure 
dC = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 2.0 kfl, 
f = 1.0 kHz. BW = 200 Hz) 


NF 
— 
6.0 
dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dc ° 10 mAdc, Ibi = 1.0 mAdc) 
ton 
— 
150 
ns 


Turn-Off Time 
dB2 = 10 mAdc,Vbb = 3.6 Vdc, R1 = R2 = 5.0 kO, 
Rj. = 990 a) 


toff 
800 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BFQ17 


CASE 345-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
25 
V 


Collector-Emitter Voltage 
(RBE < 50 0) 
VCER 
40 
V 


Collector-Base Voltage 
VCBO 
40 
V 


Emitter-Base Voltage 
VEBO 
2.0 
V 


Collector Current — Continuous 
ic 
300 
mA 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, T^ = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
"CAV 


'Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 
V(BR)CEO 
25 
— 
V 


Collector-Base Breakdown Vottage 
dC = 10 pA) 
V(BR)CBO 
40 
— 
V 


Emitter-Base Breakdown Voltage 
(IE = 10 ^iA) 
V(BR)E80 
2.0 
— 
V 


Collector Cutoff Current 
(VCB = 20 V) 
(Vcb = 20V,Ta = 150°C) 


"CBO 


- 
100 
20 


nA 


Emitter Cutoff Current 
(VEB = 10 V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 50 mA Vce = 5.0 V) 
dC = 150 mA, Vce = 5.0 V) 


hFE 
25 
25 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mA, Ib = 10 mA) 
VCE(sat) 
— 
0.5 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCe = 15 V, lc = 150 mA, f = 500 MHz) 
fT 
1200(1) 
— 
MHz 


Collector-Base Capacitance 
(VCb = 15V,f = 1.0 MHz) 
Ccb 
— 
4.0 
PF 


Reverse Transfer Capacitance Common-Emitter 
(Vce = 15 V. lc = 10 mA f = 1.0 MHz) 
Cre 
— 
1.9 
PF 


(1) Typical only 


MOTOROLA SEMICONDUCTORS 
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BFQ18A 


CASE 354-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
V 


Collector-Base Voltage 
VCBO 
25 
V 


Emitter-Base Voltage 
VEBO 
12 
V 


Collector Current — Continuous 
ic 
150 
mA 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 26'C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
'CAN 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 
V(BR)CEO 
15 
— 
V 


Collector-Base Breakdown Vottage 
dC = 10 ftA) 
V(BR)CBO 
25 
— 
V 


Emitter-Base Breakdown Voltage 
(lE = 10 ftA) 
V(BR)EBO 
2.0 
— 
V 


Collector Cutoff Current 
(VCB = 10 V) 
<CBO 
— 
100 
nA 


Emitter Cutoff Current 
(Veb = i-o V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 50 mA, Vce = 10 V) 
dc = 100 mA, Vce = 1° V) 


hFE 
25 
25 


- 


— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
| 
(Vce = 10 V, lc = 50 mA, f = 500 MHz) 
fr 
3200(1) 
— 
MHz 


(1) Typical only 
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BFQ19 


CASE 345-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
V 


Cotlector-Base Voltage 
VCBO 
20 
V 


Emitter-Base Voltage 
vebo 
3.0 
V 


Collector Current Max (f > 1.0 MHz) 
'CM 
150 
mA 


Collector Current — Average 
ICAV 
75 
mA 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25% 
Pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 26°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
| 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mA) 
V(BR)CEO 
15 
— 
V 


Collector-Base Breakdown Voltage 
(lC = 10 ftA) 
V(BR)CBO 
20 
— 
V 


Emitter-Base Breakdown Voltage 
(lE = 10 ftA) 
V(BR)EBO 
3.0 
— 
V 


Collector Cutoff Current 
(VcB° 10 V) 
>CBO 
— 
100 
nA 


Emitter Cutoff Current 
(VEB = 1.0 V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 50 mA. Vce = 10 V) 
dC - 75 mA. VCE = 10 V) 


hFE 
25 
25 


- 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mA. Vce = 10 V,f = 500 MHz) 
dC = 75 mA, Vce = 10 V,f = 500 MHz) 


fT 
4.0 
4.4 


- 


GHz 


Collector-Base Capacitance 
(Vcb = 10V.f = 1.0 MHz) 
Ccb 
— 
1.6 
PF 


Capacitance Emitter-to-Base 
(Veb = 0.5 V,f = 1.0 MHz) 
Ceb 
— 
5.0 
PF 


Reverse Transfer Capacitance Common Emitter 
(Vce = 10 V, lc = 10 mA, f = 1.0 MHz) 
Cre 
— 
1.3 
PF 


Noise Figure 
dC = 50 mA, Vce = 10 V.f = 500 MHz) 


NF 
— 
3.3 
dB 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Source Voltage 
VDS 
25 
Vdc 


Gate-Source Voltage 
vqs 
25 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic . 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
TStfl 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (TA° 25°C unless otherwise noted.) 


Characteristic 


BFR30.31 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


JFET 
AMPLIFIER 


N-CHANNEL 


Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Gate Reverse Current 
(Vqs= 10Vdc,VDS = 0) 
IGSS 
— 
0.2 
nAdc 


Gate Source Cutoff Voltage 
(In = 0.5 nAdc,Vqs = 10 Vdc) 
BFR30 
BFR31 


VGS(off) 


- 
5.0 
2.5 


Vdc 


Gate Source Voltage 
(In = 1.0mAdc, Vqs = 10Vdc) 
BFR30 
BFR31 


(In = 50 ftAdc, Vqs = 10Vdc) 
BFR30 
BFR31 


VQS 
0.7 
3.0 
1.3 


4.0 
2.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vns = 10 Vdc, Vqs = 0) 
BFR30 
BFR31 


IDSS 
4.0 
1.0 
10 
5.0 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(In = 1.0mAdc,Vns = 10 Vdc,f = 1.0 kHz) 
BFR30 
BFR31 


(lD = 200^Adc,VDs = 10Vdc,f - 1.0 kHz) 
BFR30 
BFR31 


lYfsl 
1.0 
1.5 


0.5 
0.75 


4.0 
4.5 


mAdc 


Output Admittance 
(lp = 1.0mAdc, Vqs = 10Vdc, f = 1.0kHz) 
BFR31 
(Iq = 200 jiAdc,VdS = 10 Vdc) 
BFR31 


IVosI 
40 
20 
25 
15 


MAdc 


Input Capacitance 
(lD = 1.0 mAdc, VDs = 10 Vdc, f = 1.0 MHz) 
(lp = 200 MAdc, VDs = 10 Vdc,f = 1.0 MHz) 


Cjss 


- 
5.0 
4.0 


pF 


Reverse Transfer Capacitance 
(lD = 1.0 mAdc, Vds = 10 Vdc, f = 1.0 MHz) 
(ID = 200 *iAdc,Vds = 1° Vdc, f = 1.0 MHz) 


Crss 


- 
1.5 
1.5 


PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BFR92.S 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
2.0 
Vdc 


Collector Current — Continuous 
ic 
25 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol | 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
°CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
I 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mA) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 mA) 
V(BR)CB0 
20 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 mA) 
v(BR)EBO 
2.0 
— 
Vdc 


Collector Cutoff Current 
(VCE = 10 V) 
'CEO 
— 
50 
nA 


Collector Cutoff Current 
(VCB = 10 V) 
<CBO 
— 
50 
nA 


Emitter Cutoff Current 
(VEB= 1.0 V) 
>EB0 
— 
10 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 500 ma, vCe = io vi 
dC = 3.0 mA, Vce = 15 V) 
BFR92S 
(lC= 14 mA, VCe = 10VH1) 


hFE 
25 
30 
25 
100 


Collector-Emitter Saturation Voltaged) 
dC = 25 mA Ib = 5.0 mA) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltaged) 
(lC = 25 mA Ib = 5.0 mA) 
VBE(sat) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 14 mA, Vce = 10 V, f = 500 MHz) 
*T 
4.5 
— 
MHz 


Noise Figure 
(Vce = 1.6 V, lc = 3.0 mA. RS = 50 O, f = 30 MHz) 


NF 
— 
3.0 
dB 


(1) Pulse Width =s300 fts. Duty Cycle =s2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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~> 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
12 
Vdc 
Collector-Base Voltage 
VCBO 
15 
Vdc 


Emitter-Base Voltage 
VEBO 
2.0 
Vdc 


Collector Current — Continuous 
"C 
25 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total DeviceDissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
"CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


BFR939$ 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 
V(BR)CE0 
12 
- 
Vdc 
. 


Collector-Base Breakdown Voltage 
(lC = 10 mA) 
v(BR)CBO 
15 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 mA) 
V(BR)EBO 
2.0 
- 
Vdc 


Collector Cutoff Current 
(VCE = 10 V) 
'CEO 
- 
50 
nA 


Collector Cutoff Current 
(VCb = 10 V) 
'CBO 
— 
50 
nA 


Emitter Cutoff Current 
(Veb = 10 V) 
>EBO 
— 
10 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mA. Vce = 5.0 V) 
dC = 20 mA, Vce = 4.0 V) 
dC " 30 mA, Vce = 5.0 V) 
Collector-Emitter Saturation Voltage 
dC ° 35 mA, Ib = 7.0 mA) 
Base-Emitter Saturation Voltage 
dC ° 35 mA IB = 7.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC ° 30 mA, VCE = 5.0 V,f = 500 MHz) 


Noise Figure 
(Vce ° s.o v, ic = 2.o mA, Rs = so n, f 


SMALL-SIGNAL DEVICES 


BFR93S 


30 MHz) 
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hFE 


VCE(sat) 


vBE(sat) 


NF 


25 
30 
25 


4.5 


100 


0.5 
Vdc 


1.2 
Vdc 


GHz 


3.0 
dB 


MOTOROLA SEMICONDUCTORS 


BFS17,S 


CASE 318-02/03, STYLE < 
SOT-23 (TO-236AA/AB) 


RF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
15 
Vdc 
Collector-Base Voltage 
vCBO 
25 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total Device Dissipation, Ta = 25°C 
Derate above 25X 
Pd 
350 
2.8 
mW 
mwre 
Storage Temperature 
Tsta 
150 
°c 
•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 
J 
'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 
v(BR)CEO 
15 
- 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 mA) 
v(BR)CBO 
25 
— 
Vdc 


Collector Cutoff Current 
(VCe = 10 V) 
'CEO 
— 
25 
nA 


Collector Cutoff Current 
(VCb = is V) 
'CBO 
— 
25 
nA 


Emitter Cutoff Current 
(Veb = 1-0V) 
•ebo 
— 
10 
nA 


ON CHARACTERISTICS 


DC Current Gain 
«C = 2.0 mA. Vce = 10 V) 
BFS17 
dC => 2.0 mA. VCe = 10 V) 
BFS17S 
dC = 25 mA, Vce = 10 V) 


hFE 
20 
50 
20 


150 
150 


— 


Collector-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
VCE(sat) 
— 
0.4 
V 


Base-Emitter Saturation Voltage 
dC = 10 mA, lB = 1.0 mA) 
vBE(sat) 
— 
1.0 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 2.0 mA. VCe = 5.0 V. f = 500 MHz) 
dC = 25 mA, Vce = 5.0 V, f = 500 MHz) 


fr 
1.0 
1.3 


- 


GHz 


Output Capacitance 
(Vcb = 10 V. f = 1.0 MHz) 
C0bo 
— 
1.5 
PF 


Noise Rgure 
dC = 2.0 mA, Vce = S.OV, Rs = 50 n, f = 30 MHz) 
NF 
— 
5.0 
dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
100 
Vdc 


Collector-Emitter Voltage 
Rbe = 10 kn 
VCER 
110 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25SC 
Derate above 25*C 
pd 
350 
2.8 
mW 
mW/T 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
'CAN 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


BSS63 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


PNP SIUCON 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 MAdc) 
V(BR)CEO 
100 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dc ° 10 MAdc, Ie = o, Rbe = io wi) 
V(BR)CER 
110 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc. Ie = 0) 
V(BR)CBO 
110 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, ie = o) 
ICBO 
— 
— 
100 
nAdc 


Collector Cutoff Current 
(Vce = no vdc, Rbe = 10 Mi) 
•CER 
— 
— 
10 
MAdc 


Emitter Cutoff Current 
Web = 60 vdc, ic = o) 
'EBO 
— 
— 
200 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 25 mAdc, VCE = LOVdc) 


hFE 
30 
30 


- 
- 


Collector-Emitter Saturation Voltage 
(lC = 25 mAdc, Ib = 2.5 mAdc) 
VCE(sat) 
— 
• 
— 
250 
mVdc 


Base-Emitter Saturation Voltage 
(>C = 25 mAdc, Ib = 2.5 mAdc) 
vBE(sat) 
— 
— 
900 
mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 25 mAdc, Vce = 5.0 Vdc, f = 35 MHz) 
fT 
50 
95 
— 
MHz 


Case Capacitance 
(Ie = ic = o, vcb = 10 vdc) 
cc 
— 
— 
5.0 
pF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BSS64 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DRIVER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
Vceo 
80 
Vdc 


Collector-Base Voltage 
VCBO 
120 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/X 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 4.0 mA) 
V(BR)CEO 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 mA) 
V(BR)CBO 
120 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 mA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCE = 80 V, TA = 70'C) 
ices 
— 
20 
MA 


Emitter Cutoff Current 
(Vbe = 4.0 V) 
>ebo 
— 
200 
nA 


ON CHARACTERISTICS 


DC Current Gain 
(Vce 
=• 1.0 V, lc = 10 mA) 
hFE 
20 
— 
— 


Collector-Emitter Saturation Voltage 
dC = 4.0 mA, lB = 400 mA) 
dC *» 50 mA, Ib = 15 mA) 


VCE(sat) 


- 
0.7 
3.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC " 4.0 mA. Vce = 10 V. f = 35 MHz) 
fr 
50 
— 
MHz 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


3-36 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
vCEO 
40 
Vdc 
Collector-Base Voltage 
VCBO 
75 
Vdc 
Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/T 
Storage Temperature 
TStQ 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unlessotherwisenoted.) 


Characteristic 


BSS79C 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc) 
v(BR)CBO 
75 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc) 
v(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 Vdc) 
(Vcb ° eovdcTA = isoxi 


>CBO 


- 
10 
10 
nAdc 
MAdc 


Emitter Cutoff Current 
(VBe = 3.0 Vdc) 
>EBO 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 150 mAdc,Vce = 10 Vdc) 
hFE 
100 
300 
- 


Collector-Emitter Saturation Voltage 
dC = ISOmAdc. Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


vCE(sat) 


- 
0.3 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 20 Vdc, lc = 20 mAdc, f = 100 MHz) 
fT 
250 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, f = 1.0 MHz) 
C0bo 
— 
8.0 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vdc, lc = 150 mAdc) 
l'B1 ° <B2 = 15 mAdc) 


td 
— 
10 
03 


Rise Time 
(Vcc = 30 Vdc, lC = 150 mAdc) 
dBI = >B2 = 15 mAdc) 


tr 
— 
10 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc) 
dBI = >B2 = 15 mAdc) 


ts 
— 
225 
ns 


Fall Time 
(Vcc = 30 Vdc. lc = 150 mAdc) 
dBI = lB2 = 15 mAdc) 


tf 
— 
60 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BSS80C 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
800 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation. Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
T8td 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mA) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC " 10 mA) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE - 10 mA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc) 
(Vcb = so vdc, ta = isox) 


'CBO 


- 
10 
10 
nA 
MA 


Emitter Cutoff Current 
(Vbe = 3.o vdc) 
'EBO 
— 
10 
nA 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 150 mA, Vce = 10 Vdc) 
hFE 
100 
300 
— 


Collector-Emitter Seturation Voltage 
dC =• 150 mA, Ib = 15 mA) 
dC " 500 mA, Ib = 50 mA) 


VCE(sat) 


- 
0.4 
1.6 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mA,Vce = 20 Vdc, f = 100MHz) 
fr 
200 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, f = 1.0 MHz) 
Cobo 
8.0 
pF 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


dBI ~ 'B2 - 15 mA, 
Vcc = 30 V, lc = 150 mA) 


dBI ~ 'B2 - 15 mA, 
Vcc = 30 V, lc ° 150 mA) 


(1) Pulse Test: Pulse Width < 300 fis. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 


10 


40 


80 


30 


SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 26°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC - 10mA) 


Collector-Base Breakdown Voltage 
dc° 10/^) 
Emitter-Base Breakdown Voltage 
(lE ° 10 mA) 


Collector Cutoff Current 
(VCB - 50 V) 
(Vcb ° sov.ta ° iso'o 


Emitter Cutoff Current 
(Veb - 3.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(lC ° 150 mA, Vce = 10 V) 


Collector-Emitter Saturation Voltage 
(lc " 150 mA, Ib = 15 mA) 
(lC " 600 mA, Ib ° 50 mA) 


BSS82C 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Symbol 
MIn 


V(BR)CEO 
60 


V(BR)CBO 
60 


V(BR)EBO 
5.0 


ICBO 


>EBO 


hFE 
100 


VCE(sat) 


Max 


10 


300 


0.4 
1.6 


UnH 


Vdc 


Vdc 


Vdc 


nA 
MA 


nA 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 
(Current-Gain—Bandwidth Product 
[ 
(lc = 50mA, Vce = 20V, f = 200 MHz) 
*T 
100 
— 
MHz 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-39 


BSV52 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
12 
Vdc 
Collector-Base Voltage 
VCBO 
20 
Vdc 
Emitter-Base Voltage 
vEBO 
20 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total DeviceDissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc) 
V(BR)CEO 
12 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 Vdc, lE = 0) 
(Vcb = 10 Vdc, Ie = O.Ta = 125°C) 


'CBO 


- 
100 
5.0 


nAdc 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1-0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
(lC = 50 mAdc, Vce = 10 Vdc) 


hFE 
25 
40 
25 
120 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 300 MAdc) 
dC = 10 mAdc, Ifl = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
300 
250 
400 


mVdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = SOmAdc, Ib = 5.0 mAdc) 


VBE(sat) 
700 
850 
1200 


mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 1° Vdc) 
fT 
400 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 
— 
4.0 
PF 


Input Capacitance 
(Veb = io vdc, ic = o) 
Cibo 
— 
4.5 
pF 


SWITCHING CHARACTERISTICS 


Storage Time 
(lC = IB = 'BM = 1° mAdc) 
ts 
— 
13 
ns 


Turn-On Time 
(Vbe = 1-5 Vdc, lc = 10 mAdc, Ib = 3.0 mAdc) 
ton 
— 
12 
ns 


Turn-Off Time 
dC = 10 mAdc, Ib - 3.0 mAdc) 
toff 
— 
18 
ns 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
14 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25*C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/X 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
. 
'CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


BSX39 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS(Ta ° 2S°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mA) 
V(BR)CEO 
14 
— 
Vdc 


Collector Cutoff Current 
(VCB = 12 V) 
ICBO 
— 
100 
nA 


Collector Cutoff Current 
(VCE = 12 V) 
(Vce = 12 V, Tj = 125°C) 


ices 


- 
100 
5.0 
nA 
MA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 1.0 mA. VCe = 10 V) 
dC = 10 mA, Vce = 1.0 V) 
(lC = 50 mA, Vce = 1.0 V) 


hFE 
25 
40 
25 
200 


Collector-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
dC = 50 mA, Ib = 5.0 mA) 


VCE(sat) 


- 
250 
400 


mV 


Base-Emitter Saturation Voltage 
(lc = 10 mA. IB = 1.0 mA) 
dC = 50 mA. Ib = 5.0 mA) 


VBE(sat) 
700 
850 
1.2 
mV 


V 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(lC = 10 mA. Ib = 3.0 mA) 
ton 
— 
12 
ns 


Turn-Off Time 
dC = 10 mA, Ibi = '82 = 3.0 mA) 
toff 
— 
18 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BZX84C 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


ZENER DIODES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Voltage Range 
Vz(nom) 
4.7 to 33 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
pd 
350 
2.8 
mW 
mW/X 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Code 
Marking 
Code 
Marking 
Code 
Marking 


BZX84-C4V7 
Z1 
BZX84-C11 
Y1 
BZX84-C27 
Y10 


BZX84-C5V1 
Z2 
BZX84-C12 
Y2 
BZX84-C30 
Y11 


BZX84-C5V6 
Z3 
BZX84-C13 
Y3 
BZX84-C33 
Y12 


BZX84-C6V2 
Z4 
BZX84-C15 
Y4 


BZX84-C6V8 
Z5 
BZX84-C16 
Y5 


BZX84-C7V5 
Z6 
BZX84-C18 
Y6 


BZX84-C8V2 
Z7 
BZX84-C20 
Y7 


BZX84-C9V1 
Z8 
BZX84-C22 
Y8 


BZX84-C10 
Z9 
BZX84-C24 
Y9 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Forward Voltage 
dp = 10 mAdc) 
BZX84 Series 
vF 
— 
0.9 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 2.0 Vdc) 
BZX84-C4V7 
BZX84-C5V1 


ir 


- 
3.0 
2.0 


MAdc 


BZX84-C5V6 
— 
1.0 


(Vr = 4.0 Vdc) 
BZX84-C6V2 
BZX84-C6V8 
— 
3.0 
2.0 


(Vr = 5.0 Vdc) 
BZX84-C7V5 
BZX84-C8V2 


— 
1.0 
0.7 


(Vr = 6.0 Vdc) 
(Vr = 7.0 Vdc) 
(Vr = 8.0 Vdc) 
(Vr = 0.70 VZ) 


BZX84-C9V1 
BZX84-C10 
BZX84-C11,C12,C13 
BZX84-C15 to BZX84-C33 


- 


0.5 
0.2 
0.1 
0.05 
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BZX84C 


ZENER VOLTAGE 


Device 
IZ3(mA) 
VzalV) 
ZZT1 
ZZT2 
ZZT3«ni 
AVz/AT(nV/k) 


BZX84C4V7 
20 
4.4 
5.1 
80 
500 
15 
-3.5 
0.2 


BZX84C5V1 
20 
4.8 
5.5 
60 
480 
15 
-2.7 
1.2 


BZX84C5V6 
20 
5.2 
6.3 
40 
400 
10 
-2.0 
2.5 


BZX84C6V2 
20 
5.8 
6.8 
10 
150 
6 
0.4 
3.7 


BZX84C6V8 
20 
6.4 
7.4 
15 
80 
6 
1.2 
4.5 


BZX84C7V5 
20 
7.0 
8.0 
15 
80 
6 
2.5 
5.3 


BZX84C8V2 
20 
7.7 
8.8 
15 
80 
6 
3.2 
6.2 


BZX84C9V1 
20 
8.5 
9.7 
15 
100 
8 
3.8 
7.0 


BZX84C10 
20 
9.4 
10.7 
20 
150 
10 
4.5 
8.0 


BZX84C11 
20 
10.4 
11.8 
20 
150 
10 
5.4 
9.0 


BZX84C12 
20 
11.4 
12.9 
25 
150 
10 
6.0 
10 


BZX84C13 
20 
12.5 
14.2 
30 
170 
15 
7.0 
11 


BZX84C15 
20 
13.9 
15.7 
30 
200 
20 
9.2 
13 


BZX84C16 
20 
15.4 
17.2 
40 
200 
20 
10.4 
14 


BZX84C18 
20 
16.9 
19.2 
45 
225 
20 
12.4 
16 


BZX84C20 
20 
18.9 
21.4 
55 
225 
20 
14.4 
18 


BZX84C22 
20 
20.9 
23.4 
55 
250 
25 
16.4 
20 


BZX84C24 
20 
22.9 
25.7 
70 
250 
25 
18.4 
22 


BZX84C27 
10 
25.2 
29.3 
80 
300 
45 
21.4 
25.3 


6ZX84C30 
10 
28.1 
32.4 
80 
300 
50 
24.4 
29.4 


BZX84C33 
10 
31.1 
35.4 
80 
325 
55 
27.4 
33.4 


Device 
IZl(mA) 
VZ1(V) 
IZllmA) 
VZ2<V) 


BZX84C4V7 
5 
4.4 
5.0 
3.7 
4.7 


BZX84C5V1 
5 
4.8 
5.4 
4.2 
5.3 


BZXB4C5V6 
5 
5.2 
6.0 
4.8 
6.0 


BZX84C6V2 
5 
5.8 
6.6 
5.6 
6.6 


BZX84C6V8 
5 
6.4 
7.2 
6.3 
7.2 


BZX84C7V5 
5 
7.0 
7.9 
6.9 
7.9 


BZX84C8V2 
5 
7.7 
8.7 
7.6 
8.7 


BZX84C9V1 
5 
8.5 
9.6 
8.4 
9.6 


BZX84C10 
5 
9.4 
10.6 
9.3 
10.6 


BZX84C11 
5 
10.4 
11.6 
10.2 
11.6 


BZX84C12 
5 
11.4 
12.7 
11.2 
12.7 


BZX84C13 
5 
12.4 
14.1 
12.3 
14 


BZX84C1S 
5 
13.8 
15.6 
13.7 
15.5 


BZX84C16 
5 
15.3 
17.1 
15.2 
17 


BZX84C18 
5 
16.8 
19.1 
16.7 
19 


BZX84C20 
5 
18.8 
21.2 
18.7 
21.1 


BZX84C22 
5 
20.8 
23.3 
20.7 
23.2 


BZX84C24 
5 
22.8 
25.6 
22.7 
25.5 


BZX84C27 
2 
25.1 
28.9 
0.5 
25 
28.9 


BZX84C30 
2 
28 
32 
0.5 
27.8 
32 


BZX84C33 
2 
31 
35 
0.5 
30.8 
35 
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MMBA811C5,6,7,8 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2NS086 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Vottage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
VCBO 
50 
j 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25"C 
Derate above 25'C 
PD 
350 
2.8 
mW 
mW/X 


Storage Temperature 
Tstg 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc) 
V(BR)CEO 
45 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc) 
V(BR)CBO 
50 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dC = 10 MAdc) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 40 Vdc) 
>CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 5.0 Vdc) 
(EBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 


— 
dC = 0.1 mAdc, Vce = 3.0 Vdc) 
150 
— 
dC = 0.5 mAdc. Vce = 3.0 Vdc) 
135 
900 
(For Reference Only) 
— 
— 
dC = 0.5 mAdc. Vce = 3.0 Vdc) 
MMBA811C5 
135 
270 
MMBA811C6 
200 
400 
MMBA811C7 
300 
600 
MMBA811C8 
450 
900 


Collector-Emitter Saturation Voltage 
VCE(sat) 


— 
0.3 
Vdc 
dC = 20 mAdc, Ib = 2.0 mAdc) 


Base-Emitter On Voltage 
VBE(on) 
0.5 
0.65 
Vdc 
dC = 0.5 mAdc, Vce = 3.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc,Vce = 6.0 Vdc.f = 100 MHz) 
fT 
75 
— 
MHz 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
Vceo 
40 
Vdc 
Collector-Base Voltage 
VCBO 
50 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total DeviceDissipation, Ta = 25*C 
Derate above 25°C 
Pd 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
°CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBA812M3,4,596,7 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Refer to 2N5086 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector Cutoff Current 
(Vcb = 40 vdc, i£ = o) 
'CBO 
- 
0.1 
MAdc 


Emitter Cutoff Current 
(VEB = 5.0Vdc,lC = 0) 
'EBO 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 6.0 Vdc,lC = 1.0 mAdc) 
MMBA812M3 
MMBA812M4 
MMBA812M5 
MMBA812M6 
MMBA812M7 


hFE 
60 
90 
135 
200 
300 


120 
180 
270 
400 
600 
Collector-Emitter Saturation Voltage 
dc = 30 mAdc, Ib = 3.0 mAdc) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
(Vce = 6.0 Vdc, lc = 1.0 mAdc) 
vBE(on) 
— 
0.8 
Vdc 
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MMBC1009F1 
thru 
MMBC1009F5 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AM/FM RF AMPLIRER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
PD 
350 
2.8 
mW 
mW/"C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
"CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcb = 16 Vdc. Ie = 0) 
>CBO 
— 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 
(lC = 0.5 mAdc, Vce = 30 Vdc) 
MMBC1009F1 
30 
— 
60 
MMBC10O9F2 
40 
— 
80 
MMBC1009F3 
60 
— 
120 
MMBC1009F4 
90 
— 
180 
MMBC1009F5 
135 
— 
270 


Collector-Emitter Saturation Voltage 
VcE(sat) 
— 
— 
0.3 
Vdc 
dC = 10 mAdc, Ib = 1-0mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc. Vce = 6.0 Vdc. f = 100 MHz) 
fT 
150 
— 
— 
MHz 


Output Capacitance 
(Vcb = 6.0 Vdc, lE = 0, f = 1.0 MHz) 
Cobo 
— 
2.0 
— 
PF 


Noise Figure 
dC = 0.5 mAdc, Vce = 6.0Vdc, f = 1.0MHz, Rq = 500 ft) 


NF 
— 
2.5 
— 
dB 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25X 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


MMBC1321Q2 
thru 
MMBC1321Q5 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


VHF/RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VCB = 25 Vdc, Ie •= 0) 
ICBO 
— 
— 
0.1 
MAdc 


Emitter Cutoff Current 
(VEB= 4.0 Vdc. lc = 0) 
>EBO 
— 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 
dC = 2.0 mAdc. Vce = 6.0 Vdc) 
MMBC1321Q2 
40 
— 
80 
MMBC1321Q3 
60 
— 
120 
MMBC1321Q4 
SO 
— 
180 
MMBC1321Q5 
135 
— 
270 


Collector-Emitter Saturation Voltage 
VCE(sat) 


— 
— 
0.6 
Vdc 
dC = 10 mAdc, Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 2.0 mAdc, Vce = 6.0 Vdc, f = 100 MHz) 
*T 
600 
— 
— 
MHz 


Output Capacitance 
(Vcb = 6.o Vdc, Ie = o. f = 100 MHz) 
Cobo 
— 
1.3 
1.8 
pF 


Noise Figure 
(Vce = 6.0 Vdc. Ie = 2.0 mAdc, f = 900 MHz,Rq = 50 ft) 
NF 
— 
5.0 
— 
dB 
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MMBC1621B2,3,4 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
'C 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/X 


Storage Temperature 
Tstg 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
I 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 mA) 
V(BR)CES 
20 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc 
=• 100 mA) 
V(BR)CBO 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 mA) 
V(BR)EB0 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 V) 
>CBO 
— 
100 
nA 


Emitter Cutoff Current 
(Veb = 4.0 V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mA, Vce = 0.5 V) 
MMBC1621B2 
dC = 1.0 mA, Vce = 0.5 V) 
MMBC1621B3 
dC = 1.0 mA, Vce = 0.5 V) 
MMBC1621B4 


hFE 
40 
60 
90 


80 
120 
180 


Collector-Emitter Saturation Voltage 
dC = 10 mA, lB = 1.0 mA) 
VCE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
vBE(sat) 
— 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mA, Vce = 10 V, f = 100 MHz) 
fj 
200 
— 
MHz 


Output Capacitance 
(Vcb = 10V,f = 1.0 MHz) 
cobo 
— 
5.0 
PF 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = lB1 = 'B2 = 10 mA) (Figure 1) 
ts 
— 
20 
ns 


Turn-On Time 
(lC = 10 mA, lBi = 3.0 mA, Vob = 1-5V) 
ton 
— 
20 
ns 


Turn-Off Time 
dC = 10 mA Ibi = 3.0 mA, Ib2 = 1-5 mA) 
toff 
— 
40 
ns 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
vCEO 
35 
Vdc 
Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBC1622D6.7.8 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MPS3904 for graphs. 


Symbol 
MIn 
Max 
UnH 


Collector Cutoff Current 
(Vcb = 25 vdc, ie = o) 
>CBO 
- 
50 
nAdc 


Emitter Cutoff Current 
(VEB = 5.0 Vdc, lc = 0) 
'ebo 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 3.0 Vdc, lc = 0.1 mAdc) 
All 
(Vce = 3.0 Vdc, lc = 0.5 mAdc) 
MMBC1622D6 
MMBC1622D7 
MMBC1622D8 


hFE 
150 
200 
300 
450 


400 
600 
900 
Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 
VCE(sat) 
— 
0.3 
Vdc 


Base-Emitter On Voltage 
(Vce = 3.0 Vdc, lc = 0.5 mAdc) 
VflE(on) 
0.55 
0.65 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCE = 6.0 Vdc, Ie = I.O mAdc, f = 100 Mhz) 
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100 
MHz 


MOTOROLA SEMICONDUCTORS 


MMBC1623L3,4,5,6,7 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPUHER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
I 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
'CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA ° 25'C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcb a 40 vdc, ie ° o) 


Emitter Cutoff Current 
(Veb m s.o vdc, ic = Q) 


ON CHARACTERISTICS 


Characteristic 


DC Current Gain 
dC = 1.0mAdc, Vce = 6.0Vdc) 


Collector-Emitter Saturation Voltage 
dC = 100mAdc. Ib = 10 mAdc) 


Base-Emitter Saturation Voltage 
dc " 100nAdc, Ib ° 10 mAdc) 


Base-Emitter On Voltage 
dC ° 1.0mAdc,Vce ° 6.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce ° 6.0 Vdc, Ie " 10 mAdc.f = 100MHz) 


MOTOROLA SEMICONDUCTORS 


MMBC1623L3 
MMBC1623L4 
MMBC1623L5 
MMBC1623L6 
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Symbol 


ICBO 


'EBO 


hFE 


VCE(sat) 


VBE(sat) 


VBE(on) 


MIn 
Max 


100 


100 


60 
120 
90 
180 
135 
270 
200 
400 
300 
600 


0.3 


1.0 


.60 
0.7 


200 


UnH 


nAdc 


nAdc 


Vdc 


Vdc 


Vdc 


MHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
130 
Vdc 


Collector-Base Voltage 
Vcbo 
150 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MMBC1653N2,3y4 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


Min 
Typ 
Max 
UnH 


Collector Cutoff Current 
(Vcb = ioo vdc, Ie ° o) 
>CBO 
- 
- 
0.1 
MAdc 


Emitter Cutoff Current 
(Veb = s.o vdc, ic = o) 
•ebo 
— 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 3.0 Vdc,lc = 15 mAdc) 
MMBC1653N2 
MMBC1653N3 
MMBC1653N4 


hFE 
50 
100 
150 


- 
130 
220 
330 


— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, ib = 1.0 mAdc) 
VBE(sat) 
— 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 10 Vdc, lp = 10 mAdc, f = 100 MHz) 
h 
- 
150 
- 
MHz 


Output Capacitance 
(Vcb = 10 vdc, iE = o, f = i.o mhz) 
Cobo 
— 
4.5 
— 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBC1654N5.6.7 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
160 
Vdc 


Collector-Base Voltage 
VCBO 
180 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
TStQ 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcb = 100 v, iE = oi 
•CBO 
— 
— 
0.1 
MAdc 


Emitter Cutoff Current 
(Veb = 5.o vdc, ic = o) 
>EBO 
— 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 3.0V,lc = 15 mAdc) 
MMBC1654N5 
MMBC1654N6 
MMBC1654N7 


hFE 
50 
100 
150 


- 
130 
220 
330 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ifl = 10 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
VBE(sat) 
— 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 10 Vdc.If = 10 mAdc, f = 100 MHz) 
fT 
— 
150 
— 
MHz 
J 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = i.o mhz) 
Cobo 
— 
4.5 
— 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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A 


MAXIMUM RATINGS 


Rating 


Reverse Voltage 


Symbol 


Vr 


Value 


4.0 


Unit 


Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation. Ta = 25°C 
Derate above 25'C 
PD 
350 
2.8 


mW 
mW/cC 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
R«JA 
357 
°CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA * 25C unlessotherwise noted. 


Characteristic 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(lR = 10MAdc) 


Reverse Voltage Leakage Current 
(Vr = 3.0Vdc) 


Series Inductance 
(f = 250 MHz) 


Case Capacitance 
(f = 1.0 MHz) 


Diode Capacitance 
(Vr = 0, f = 1.0 MHz) 


Forward Voltage 
(lp = 10 mAdc) 


Noise Figure 
(f = 1.0 GHz) 


SMALL-SIGNAL DEVICES 


3-53 


Symbol 


V(BR) 


LS 


cc 


ct 


Vf 


NF 


MMBD101 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


HOT-CARRIER 
UHF MIXER DIODE 


Min 
Typ 
Max 
Unit 


4.0 


0.25 


6.0 


0.18 


1.0 


0.60 


7.0 


Vdc 


/xAdc 


nH 


PF 


~pF~ 


Vdc 


dB 


M0TOROLA SEMICONDUCTORS 


MMBD352 


CASE 318-02/03 STYLE 11 
SOT-23 (TO-236AA/AB) 


DUAL HOT CARRIER 
MIXER DIODE 


^w 


MAXIMUM RATINGS 


Rating 
Continuous Reverse Voltage 


THERMALCHARACTERISTICS 
Characteristic 
•Total Device Dissipation, T^ = 25°C 
Derate above 25*C 


Storage Temperature 


•Thermal Resistance Junction to Ambient 


Symbol 


Vr 


Symbol 


pd 


Jsta. 


R&JA 


Value 


Max 


350 
2.8 


150 


357 


UnH 


VCC 


Unit 


mW 
mW/°C 


•CAV 
•Package mounted on 99.5%alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Symbol 
Min 
Max 
UnH 


Forward Voltage 
(IF = 10 mA) 
VF 
- 
0.60 
V 


Reverse Voltage Leakage Current 
(Vr = 3.0 V) 
(Vr = 4.0 V) 


ir 


- 
0.25 
10 


ftA 


Capacitance 
(Vr = 0V,f = 1.0 MHz) 
C 
— 
1.0 
PF 


rv^TOROLXsiiviicONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
| Reverse Voltage 
Vr 
50 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


MMBD501 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


HOT-CARRIER DIODE 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 10 Mdc) 
V(BR) 
50 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 
IR 
— 
— 
200 
juAdc 


Diode Capacitance 
(Vr = 20 Vdc, f = 1.0 MHz) 
cT 
— 
— 
1.0 
pF 


Forward Voltage 
«F = 10 mAdc) 
vF 
— 
— 
1.2 
Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBD914 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


HIGH-SPEED SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Reverse Voltage 
VR 
70 
Vdc 


Forward Current 
If 
200 
mAdc 


Peak Forward Surge Current 
'FM(surqe) 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
T8tQ 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•c/w 


"Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 100 /tAdc) 
V(BR) 
100 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 20 Vdc) 
(Vr = 75 Vdc) 


IR 


- 
25 
5.0 
nAdc 
/iAdc 


Diode Capacitance 
(Vr = OVdc, f = 1.0 MHz) 
CT 
— 
4.0 
PF 


Forward Voltage 
(lp = 10 mAdc) 
vf 
— 
1.0 
Vdc 


Reverse Recovery Time 
(lp = |r = 10 mAdc) (Figure 1) 
trr 
— 
4.0 
ns 


820 n 


+10 V 
2.0 k 


100 m-H 


0.1 m-F 
HI 
H-OH- 


50 n Output 
Pulse 
Generator 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


~J_ 
|trL_tp_J 
t- 
0.1 u.F^= 
. 
\-i————1—t 
X 
-10% 


50 H Input 
Sampling 
Oscilloscope 
Vr 


•90% 


INPUT SIGNAL 


if—i 


•Vr 
»| t-»- 


'R(REC)=10mA 


OUTPUT PULSE 
(lp = Ir = 10 mA; measured 
attR(REC) = 1-OmA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (lp) of 10 mA. 
2. Input pulseis adjusted so iR(peak)is equalt0 10mA- 
3. tp » trr 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Reverse Voltage 
Vr 
70 
Vdc 


Forward Current 
if 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total DeviceDissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mwrc 
Storage Temperature 
Tsto 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBD2835.36 


CASE 318-02/03, STYLE 12 
SOT-23 (TO-236AA/AB) 


DUAL 
SWITCHING DIODE 


Symbol 
Min 
Max 
UnH 


Reverse Breakdown Voltage 
(Ir = 100 ftAdc) 
MMBD2835 
MMBD2836 


V(BR) 
35 
75 


- 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 30 Vdc) 
MMBD2835 
(Vr = 50 Vdc) 
MMBD2836 


>R 


- 
100 
100 


nAdc 


Diode Capacitance 
(Vr = 0, f = 1.0 MHz) 
cT 
— 
4.0 
PF 


Forward Voltage 
(IF = 10 mAdc) 
(lp = 50 mAdc) 
(IF = 100 mAdc) 


vf 


- 
1.0 
1.0 
1.2 


Vdc 


Reverse Recovery Time 
(lp = Ir = 10 mAdc,iR(REC) = 1-° mAdc) (Figure 1) 
trr 
— 
6.0 
ns 


820 il 


+10 V 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


if—i 
ir: 


'R(REC)=10mA 


INPUT SIGNAL 
OUTPUT PULSE 
(lp = Ir = 10 mA; measured 
at'R(REC) = 10 mA) 


Notes: 1. A2.0kn variable resistor adjusted (ora Forward Current (lp)of 10 mA. 
2. Input pulseis adjusted so lR(peak) is equalto 10 mA. 
3. tp » Irr 


SMALL-SIGNAL DEVICES 
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MMBD2837 
MMBD2838 


CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) 


DUAL 
SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Peak Reverse Voltage 
VRM 
75 
Vdc 


D.C. Reverse Vottage 
MMBD2837 
MMBD2838 
Vr 
30 
50 
Vdc 


Peak Forward Current 
'fm 
450 
300 
mAdc 


Average Rectified Current 
io 
150 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•c/w 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100/iAdc) 
MMBD2837 
MMBD2838 


V(BR) 
35 
75 


- 


Vdc 


Reverse Voltage Leakage Current 
(Vr = 30 Vdc) 
(Vr = 50 Vdc) 


MMBD2837 
MMBD2838 


IR 


- 
0.1 
0.1 


/tAdc 


Diode Capacitance 
(Vr = 0, f = 1.0 MHz) 
ct 
— 
4.0 
pF 


Forward Voltage 
(lp = 10 mAdc) 
(lp = 50 mAdc) 
(lp = 100 mAdc) 


Vf 


- 


1.0 
1.0 
1.2 


Vdc 


Reverse Recovery Time 
(lp = |r = 10mAdc, iR(REC) = 1-°mAdc) (Figure 1) 
trr 
— 
6.0 
ns 


820(2 


+ 10 V 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


INPUT SIGNAL 


IF 
1 


'R(REC)=10mA 


OUTPUT PULSE 
(lp = Ir = 10 mA;measured 
atiR(REC) = 1.0mA) 


Notes: 1. A2.0 Ml variableresistor adjusted (ora ForwardCurrent (lp) ol 10 mA. 
2. Input pulse is adjusted so iR(peak) Isequal to10mA. 
3. tp - trr 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
70 
Vdc 


Forward Current 
if 
200 
mAdc 
Peak Forward Surge Current 
'FM(sume) 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mVWC 
Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
R&JA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 


MMBD6050 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


SWITCHING DIODE 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 uAdc) 
V(BR) 
70 
- 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 50 Vdc) 
IR 
— 
0.1 
ftAdc 


Forward Voltage 
dp = 1.0 mAdc) 
(IF = 100 mAdc) 


VF 
0.55 
0.85 
0.7 
1.1 


Vdc 


Reverse Recovery Time 
(lp = Ir = 10 mAdc, iR(REC) = 1-0mAdc) (Figure 1) 
trr 
— 
10 
ns 


Capacitance 
(VR = 0) 
C 
— 
2.5 
pF 


820 12 
FIGURE 1 — Recovery Time Equivalent Test Circuit 


|tr|^tp_^| 
t—». 'F—I 


-*\ 
t- 


<R(REC)=1-0mA 


INPUT SIGNAL 
OUTPUT PULSE 
(lp = Ir = 10 mA; measured 
atiR(REC) = 1.0mA) 


Notes: 1. A2.0 kn variableresistoradjusted fora Forward Current(lp)of 10 mA. 
2. Input pulseis adjusted so iR(peak) Isequalto 10 mA. 
3. tp » Ir, 


SMALL-SIGNAL DEVICES 
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MMBD6100 


CASE 318-02/03, STYLE 9 
SOT-23 (TO-236AA/AB) 


DUAL 
SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
70 
Vdc 


Forward Current 
"F 
200 
mAdc 


Peak Forward Surge Current 
'FM(surqe) 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstg 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 uAdc) 
V(BR) 
70 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 50 Vdc) 
IR 
— 
0.1 
ftAdc 


Forward Voltage 
dp = 1.0 mAdc) 
dp = 100 mAdc) 


vF 
0.55 
0.85 
0.7 


1.1 


Vdc 


Reverse Recovery Time 
(lp = Ir = 10 mAdc, iR(REC) = 1-° mAdc) (Figure 1) 
trr 
— 
15 
ns 


Capacitance 
(Vr = 0) 


C 
— 
2.5 
PF 


820 (2 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


INPUT SIGNAL 


1 


•R(REC)=1-0mA 


OUTPUT PULSE 
(lp = Ir = 10 mA;measured 
aliR(REC) = 1.0mA) 


Notes: 1. A 2.0 Ml variable resistor adjusted for a Forward Current (lp) of 10 mA. 
2. Input pulseis adjusted so iR(peak)is equalto 10mA. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
100 
Vdc 


Forward Current 
If 
200 
mAdc 


Peak Forward Surge Current 
'FM(surae) 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mVWC 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•c/w 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBD7000 


CASE 318-02/03, STYLE 11 
SOT-23 (TO-236AA/AB) 


DUAL 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 uAdc) 
V(BR) 
100 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 50 Vdc) 
(Vr = 100 Vdc) 
(Vr = 50 Vdc, 125°C) 


IR 
>R2 
>R3 


- 


0.30 
0.5 
100 


ftAdc 


Forward Voltage 
(lp = 1.0 mAdc) 
(lp = 10 mAdc) 
(lp = 100 mAdc) 


vf 
0.55 
0.67 
0.75 


0.7 
0.82 


1.1 


Vdc 


Reverse Recovery Time 
(lp = Ir = 10 mAdc) (Figure 1) 
trr 
— 
15 
ns 


Capacitance 
(Vr = 0) 


C 
— 
1.5 
pF 


820 n 
« 
vw*—wpfr 
+10 V 


FIGURE 1 — Recovery Time Equivalent Test Circuit 


|tr|^_tp_^| 
t—•* 


INPUT SIGNAL 


if—i 


R(REC)=10mA 


OUTPUT PULSE 
(lp = Ir = 10 mA; measured 
atiR(REC) = 1-0mA) 


Notes: 1. A 2.0 kn variable resistor adjusted for a Forward Current (lp) of 10 mA. 
2. Input pulseIsadjusted so iR(peak)is equalto 10mA. 
3. tn - trr 
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MMBF4391 
thru 
MMBF4393 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


JFET 
SWITCHING TRANSISTOR 


N-CHANNEL 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
Vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Forward Gate Current 
'G(f) 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25X 
Derate above 25°C 
pd 
350 
2.8 
mW 
mwrc 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0 MAdc, VDS = 0) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc, Vqs = 0, Ta = 25X) 
(Vqs = 15 Vdc, VDs = 0, TA = 100X) 


<GSS 


- 
1.0 
0.20 
nAdc 
ftAdc 


Gate Source Cutoff Voltage 
(Vqs = IS Vdc, lD = 10 nAdc) 
MMBF4391 
MMBF4392 
MMBF4393 


VGS(off) 
4.0 
2.0 
0.5 


10 
5.0 
3.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vds = 15 V, Vqs = 0) 
MMBF4391 
MMBF4392 
MMBF4393 


•dss 
50 
25 
5.0 


150 
75 
30 


mAdc 


Drain Current 
(Vds = 15 vdc, vqs = i2Vdc) 
(vDs = is. Vqs = 12 vdc, ta = ioo°o 


Id 


- 
1.0 
1.0 
nAdc 
ftAdc 


Drain-Source On-Voltage 
(ID = 12 mAdc, Vqs = 0) 
MMBF4391 
(ID = 6.0 mAdc, Vqs = 0) 
MMBF4392 
(ID = 3.0 mAdc, Vqs = 0) 
MMBF4393 


VDS(on) 


- 
0.4 
0.4 
0.4 


Vdc 


Static Drain-Source On Resistance 
(ID = 10 mAdc. Vqs = 0) 
MMBF4391 
MMBF4392 
MMBF4393 


'DS(on) 


- 
30 
60 
100 


Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Cjss 
— 
14 
PF 


Reverse Transfer Capacitance 
(Vds = 0, Vqs = 12 Vdc, f = 1.0 MHz) 
Crss 
— 
3.5 
pF 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
VDG 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Gate Current 
ig 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mwrc 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBF4416 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
VHF/UHF AMPLIFIER TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = 1.0 ftAdc, V0s = 0) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(Vqs = 20 Vdc, VDS = 0) 
(Vqs = 20 Vdc,VDS = 0, TA = 150°C) 


<GSS 


- 
100 
200 
pAdc 
nAdc 


Gate Source Cutoff Voltage 
(ID = 1.0 nAdc. VDS » 15 Vdc) 
vGS(off) 
— 
6.0 
Vdc 


Gate Source Voltage 
(ID = 0.5 mAdc, VDs = 15 Vdc) 
vgs 
1.0 
5.5 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vqs = is vdc, vGs = o) 
>DSS 
5.0 
15 
mAdc 


Gate-Source Forward Voltage 
(lG = 1.0 mAdc, Vds = 0) 
VQS(f) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
lYfsl 
4500 
7500 
/xmhos 


Output Admittance 
(Vds = 15 Vdc. Vqs = 0, f = 1.0 kHz) 
IVosI 
— 
50 
fimhos 


Input Capacitance 
(Vds = 15 Vdc, VGS = 0, f = 1.0 MHz) 
Cjss 
— 
4.0 
pF 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vqs = 0,f = 1.0 MHz) 
Crss 
— 
0.8 
PF 


Output Capacitance 
(VDS = 15 Vdc, VGS = 0, f = 1.0 MHz) 
Cqss 
— 
" 
2.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15Vdc, Id = 5.0mAdc, Rg- 1000 n, f = 100MHz) 
(Vps = 15 Vdc, Id = 5.0 mAdc, Rfl »= 1000 O, f = 400 MHz) 


NF 


- 
2.0 
4.0 


dB 


Common Source Power Gain 
(Vps = 16 Vdc, lD = 5.0 mAdc, f = 100 MHz) 
(Vps = 15 Vdc, Id = 5.0 mAdc, f = 400 MHz) 


Gps 
18 
10 


- 


dB 
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MMBF4860 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
SWITCHING TRANSISTOR 


N-CHANNEL 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 
Reverse Gate-Source Voltage 
VGS(r) 
30 
Vdc 


Forward Gate Current 
'G(f) 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, T^ = 25°C 
Derate above 25°C 
Pd 
350 
2.8 
mW 
mVWC 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| 
Characteristic 
Symbol 
| 
Min 
| 
Max 
UnH 
I 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
do = i.o ftAdc. vDs = o) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(VGs = 15 Vdc, VDs = 0) 
(Vqs = 15 Vdc, Vds = 0, Ta = 150°C) 


"GSS 


- 
0.5 
2.0 
nAdc 
fiAdc 
Gate Source Cutoff Voltage 
(Vds = 15 Vdc, Id = 0.5 nAdc) 
vGS(off) 
2.0 
6.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage DrainO) 
(Vds = 15 Vdc, VGS = 0) 
>DSS 
20 
100 
mAdc 


Drain Cutoff Current 
(VDs = 15 Vdc, VGS = 10 Vdc) 
(VDS = 15 Vdc, VGS = 10 Vdc, Ta = 150X) 


'D(off) 


- 
0.25 
0.5 
nAdc 
ftAdc 


Drain-Source On-Voltage 
(ID = 10 mAdc, Vqs = 0) 
VDS(on) 
— 
0.5 
Vdc 


Static Drain-Source On Resistance 
(VGS = 0, lD = 0, f = 1.0 kHz) 
rDS(on) 
— 
40 
Ohms 


Input Capacitance 
(Vds = o, vgs = 10 vdc. f = 1.0 mhz) 
Cjss 
— 
18 
pF 


Reverse Transfer Capacitance 
(Vds = o- vgs = 10 vdc, f = 1.0 mhz) 
Crss 
— 
8.0 
pF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vdd = 10 Vdc, lo(on) = 20 mAdc) 
«vG(on) = 0, VGS(off) = 10 Vdc) 


td 


— 
6.0 
ns 


Rise Time 
(Vdd = 1° Vdc, lo(on) = 10 mAdc) 
(VGS(on) = 0, VQS(off) = 6.0 Vdc) (Figure 1) 


tr 
4.0 
ns 


Turn-Off Time 
(Vdd = 10 Vdc, lo(on) = 5.0 mAdc) 
IVQS(on) = 0, VQS(off) = 4.0 Vdc) (Figure 1) 


toff 


" 


50 
ns 


(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle * 10%. 
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MMBF4860 


INPUT > 


TEST CIRCUIT 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


tr< 1.0 ns 


0 
"#• 


tf < 1.0 ns 


•200 ns- 
VGS(on) 


INPUT 
VGSfoffl 
OUTPUT 
-6.0 V 
, 
j ton I—_j 
t0ff L 
td(on) —i 
K 
j 
l-r 
i 
i 
! 
i 
td(off) 
m 
tr- 


10%*""t| 
I ^~jfj% 
\ 
V 
j/ 
\0UTPU- 
90%+; 
3^-90% 
\ 


OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: 1. The input waveforms aresupplied by a generator with the following characteristics: 
Zquj = 50 ohms, DutyCycle - 2.0% 
2. Waveforms aremonitored on anoscilloscope with the following characteristics: 
tr« 0.75 ns, Rjn & 1.0 megohm, Cjn * 2.5 pF. 
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MMBF5457 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
GENERAL PURPOSE TRANSISTOR 


N-CHANNEL 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
Vdg 
25 
Vdc 


Reverse Gate-Source Voltage 
vGS(r) 
25 
Vdc 


Gate Current 
iq 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 ftAdc.VDS = 0) 
V(BR)GSS 
25 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs = i5Vdc,vDs = o) 
(Vqs = 15 Vdc,VDS = 0, Ta = 100X) 


>GSS 


- 
- 
1.0 
200 


nAdc 


Gate Source Cutoff Voltage 
(Vds = 15 Vdc, Id = 10 nAdc) 
VGS(off) 
0.5 
— 
6.0 
Vdc 


Gate Source Voltage 
(VDs = 15 Vdc, Id = 100 ftAdc) 
vqs 
— 
2.5 
— 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Draind) 
(Vds = 15 vdc, vqs = o) 
•dss 
1.0 
— 
5.0 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(l) 
(VDS = 15 Vdc,VGS = O,f = 1.0 kHz) 
lYfsl 
1000 
— 
5000 
ptmhos 


Reverse Transfer Admittance 
(VDs = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
IVrsI 
— 
10 
50 
fimhos 


Input Capacitance 
(Vds = is vdc. vqs = o. f = lo mhz) 
Ciss 
— 
4.5 
7.0 
pF 


Reverse Transfer Capacitance 
(VDS = 15 Vdc,Vqs = 0, f = 1.0 MHz) 
Crss 
— 
1.5 
3.0 
pF 


(1) Pulse test: Pulse Width « 630 ms; Duty Cycle * 10%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Gate Voltage 
VDG 
25 
Vdc 


Reverse Gate-Source Voltage 
VGS(r) 
-25 
Vdc 


Gate Current 
lG 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25X 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBF5459 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -10aiA,VDs = 0) 
V(BR)GSS 
25 
— 
Vdc 


Gate 1 Leakage Current 
<vgs= -15 V, vDs = o) 
•G1SS 
— 
1.0 
nA 


Gate 2 Leakage Current 
(vQS = -is v, vDs = o, ta = ioo»o 
>G2SS 
— 
200 
nA 


Gate Source Cutoff Voltage 
(VDs = 15V.ID= 10 nA) 
VQS(off) 
2.0 
8.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
1 
ivds = is v, vqs = o) 
•dss 
4.0 
16 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 v, vGs = o, f = 1.0 kHz) 
lYfsl 
2000 
6000 
fimhos 


Output Admittance 
(VDS = 15 V, VGS = O,f = 1.0 kHz) 
IVosI 
— 
50 
/unhos 


Input Capacitance 
(V0S = 15 V, Vqs = O,f = 1.0 MHz) 
Cjss 
— 
7.0 
pF 


Reverse Transfer Capacitance 
(Vds = 15 v, vqs = 0, f = 1.0 mhz) 
Crss 
— 
3.0 
PF 
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MMBF5460 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
GENERAL PURPOSE 
TRANSISTOR 


P-CHANNEL 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Gate Voltage 
vdg 
40 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
40 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
R&JA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Vottage 
(lG = 10 ftAdc. Vds = 0) 
V(BR)GSS 
40 
— 
— 
Vdc 


Gate Reverse Current 
(VGS = 20 Vdc, VDS = 0) 
(VGS = 20 Vdc. VDS = 0, TA = 100°C) 


IGSS 


- 
- 
5.0 
1.0 
nAdc 
^Adc 


Gate Source Cutoff Voltage 
(VDs = 15 Vdc, Id = 10 ftAdc) 
VGS(off) 
0.75 
— 
6.0 
Vdc 


Gate Source Voltage 
(VDs = 15 Vdc,Id = 0.1 mAdc) 
vgs 
0.5 
— 
4.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(VDS = 15 Vdc, Vqs = 0) 
>dss 
1.0 
— 
5.0 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VDS = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
lYfsl 
1000 
— 
4000 
ptmhos 


Output Admittance 
(VDs = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
lYosI 
— 
— 
75 
fimhos 


Input Capacitance 
(Vds = 15 vdc, vqs = 0. f = 1.0 mhz) 
Cjss 
—' 
5.0 
7.0 
PF 


Reverse Transfer Capacitance 
(VDS = 15 Vdc,Vqs = 0, f = 1.0 MHz) 
Crss 
— 
1.0 
2.0 
pF 


Equivalent Short-Circuit Input Noise Voltage 
(Vds = 15 vdc, Vqs = 0, rq = 10 mo, 
f = 100 Hz, BW = 1.0 Hz) 


en 
20 
nV/Vfiz 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Reverse Gate-Source Voltage 
VGS(r) 
25 
Vdc 


Forward Gate Current 
'G(f) 
10 
mA 


Continuous Device Dissipation at or Below 
TC = 25°C 
Linear Derating Factor 


pd 
200 
2.80 
mW 
mW/X 


Storage Channel Temperature Range 
Tsto 
-65 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 (iA,Vps = 0) 


Gate Reverse Current 
(vGs = -20 V. vDs = °> 
(vGs = -20V,Vds = q,ta 


Gate Source Cutoff Voltage 
(VDS = 15V.lp° 10 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(vos = is v. vgs = o) 


Characteristic 


100°C) 


MMBF5484 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
TRANSISTOR 


N-CHANNEL 


Symbol 
Min 


V(BR)GSS 
-25 


>GSS 


VGS(off) 
-0.3 


>DSS 


Max 


-1.0 
-0.2 


-3.0 


Unit 


Vdc 


nA 
HA 


Vdc 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 V.Vqs = O,f = 1.0 kHz) 
lYfsl 
3000 
6000 
/imhos 


Output Admittance 
(VDS = 15 V,Vqs = O,f = 1.0 kHz) 
l/osl 
— 
50 
/iirthos 


Input Capacitance 
(vDS = 15 v, vqs = 0, f = 1.0 mhz) 
Cjss 
— 
5.0 
pF 


Reverse Transfer Capacitance 
(vDs = 15 v, vqs = 0, f = 1.0 mhz) 
Crss 
— 
1.0 
pF 


Output Capacitance 
(Vpg = 15 V,Vqs = 0, f = 1.0 MHz) 
C0Ss 
— 
2.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
NF 
dB 
(Vds = 15 V, lp = LOmA, YG' = 1.0 mmhos) 
(Rq = 1.0 kfl, f = 100 MHz) 
— 
3.0 
(Vds = 15 V, VGS = 0, YG' = 1.0 umho) 
(Rq = 1.0 MO, f = 1.0 kHz) 
— 
2.5 


Common Source Power Gain 
Gps 
16 
25 
dB 
(Vps = 15 Vdc, lp = 1.0 mAdc, f = 100 MHz) 
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MMBF5486 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
TRANSISTOR 


N-CHANNEL 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Gate Voltage 
vdg 
25 
Vdc 
Reverse Gate-Source Voltage 
VGS(r) 
25 
Vdc 


Forward Gate Current 
'G(f) 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


25°C unless otherwise noted.) 
ELECTRICAL CHARACTERISTICS (TA 
| 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
UnH 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Vds = 0,!q = -1.0/iA) 
V(BR)GSS 
-25 
— 
Vdc 


Gate 1 Leakage Current 
(Vqs = -2ov.vDs = oj 
•G1SS 
— 
-1.0 
nA 


Gate 2 Leakage Current 
(Vqs = -20 V,Vps = 0. TA = 100°C) 
>G2SS 
— 
-0.2 
MA 


Gate Source Cutoff Voltage 
(Vds = 15 V. ID = 10 nA) 
VGS(off) 
-2.0 
-6.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vqs = o.vDs = isvj 
'DSS 
8.0 
20 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vqs = 0. Vps = 15 V, f = 1.0 kHz) 
lYfsl 
4000 
8000 
Mmhos 


Input Admittance 
(Vqs = 0, Vds = 15 V. f = 400 MHz) 
Re(yjs) 
— 
1000 
Mmhos 


Output Admittance 
(Vqs = 0. Vds = 15 V. f = 1.0 kHz) 
lYosI 
— 
75 
Mmhos 


Output Conductance 
(Vgs = o. Vds = is v, f = 4oo mhz) 
Re(y08) 
— 
100 
Mmhos 


Forward Transconductance 
(Vqs = o. vDs = is v. f = 400 mhz) 
Re(yfs) 
3500 
— 
Mmhos 


Input Capacitance 
(Vgs = o, vDs = is v. f = 1.0 mhz) 
Cjss 
— 
5.0 
PF 


Reverse Transfer Capacitance 
(Vqs = o. vDs = 15 v, f = 1.0 mhz) 
Crss 
— 
1.0 
pF 


Output Capacitance 
(Vqs = o. Vps = 15 v. f = 1.0 mhz) 
C0ss 
— 
2.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 V, Id = 4.0 mA, f = 100 MHz,Yq = 1.0 Mmhos) 
(Vds = 16 V, Id = 4.0 mA, Rq = 1.0 kn, f = 400 MHz, YG = 1.0 Mmhos) 
(Vqs = 0. Vds = IS V, Rq = 1.0 mO, f = 1.0 kHz,Yq = 1.0 Mmhos) 


NF 


- 
2.0 
4.0 
2.5 


dB 


Common Source Power Gain 
(VDs = 15 V, Id = 4.0 mA, f = 100 MHz) 
(Vps = 15 V, lp = 4.0 mA. f = 400 MHz) 


Gp8 
18 
10 
30 
20 


dB 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Gate-Source Voltage 
vgs 
25 
Vdc 


Gate Current 
ig 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 


MMBFJ310 


CASE 31802/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
VHF/UHF AMPLIFIER 
TRANSISTOR 


N-CHANNEL 


Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
0g = -i.o MAdc, vps = o) 
V(BR)GSS 
-25 
— 
— 
Vdc 


Gate Reverse Current 
(VGS= -15 V) 
(Vqs = -15V.TA= 125°C) 


<GSS 


- 
- 
-1.0 
-1.0 
nAdc 
MAdc 


Gate Source Cutoff Voltage 
(Vds = 10 Vdc, Id = 1.0 nAdc) 
VQS(off) 
-2.0 
— 
-6.5 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vps = 10 vdc, vqs = o> 
<dss 
24 
— 
60 
mAdc 


Gate-Source Forward Voltage 
(lG = 10 mAdc, Vps = 0) 
vGS(f) 
— 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 Vdc, lp = 10 mAdc, f = 1.0 kHz) 
lYfsl 
8.0 
— 
18 
mmhos 


Output Admittance 
(Vds = 10 Vdc, lp = 10 mAdc, f = 1.0 kHz) 
IyosI 
— 
— 
200 
Mmhos 


Input Capacitance 
(Vqs = -10 Vdc,Vds = 0 Vdc, f = 1.0 MHz) 
Cjgs 
— 
— 
5.0 
PF 


Reverse Transfer Capacitance 
(Vqs = -10 Vdc,Vds = 0 Vdc,f = 1.0 MHz) 
Crss 
— 
— 
2.5 
PF 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 10 Vdc, lp = 10 mAdc, f = 100 Hz) 
en 
— 
10 
— 
nV/VHz 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBFU310 


CASE 318-02/03, STYLE 10 
SOT-23 (TO-236AA/AB) 


FET 
TRANSISTOR 


N-CHANNEL 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Gate-Source Voltage 
vgs 
25 
Vdc 


Gate Current 
ig 
10 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Po 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
| 
Min 
| 
Max 
UnH 
1 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0mA,VDS = 0) 
V(BR)GSS 
-25 
— 
Vdc 


Gate 1 Leakage Current 
(VGS = -15V,VpS = 0) 
>G1SS 
- 
-150 
PA 


Gate 2 Leakage Current 
(VGS = -15V,VpS = 0,TA = 125X) 
•G2SS 
— 
-150 
nA 


Gate Source Cutoff Voltage 
(Vps = 10 V, lp = 1.0 nA) 
VGS(off) 
-2.5 
-6.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vds = 10 v, vqs = o) 
•dss 
24 
60 
mA 


Gate-Source Forward Voltage 
do = 10 mA, vds = o) 
VGS(f) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 V, lp = 10 mA, f = 1.0 kHz) 
lYfsl 
10 
18 
mmhos 


Output Admittance 
(Vps = 10 V, Id = 10 mA, f = I.O kHz) 
IVosI 
— 
150 
Mmhos 


Input Capacitance 
(Vqs = -io v, vDs = 10 v, f = 1.0 mhz) 
CjSS 
— 
5.0 
PF 


Reverse Transfer Capacitance 
(VGS = -10 V. VpS = 10 V, f = 1.0 MHz) 
Crss 
— 
2.5 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Power Dissipation 
Derate Above 25°C 
pd 
RflJA 


350 
2.8 
mW 
mW/°C 


DC Gate Current 
ig 
±20 
mA 


Repetitive Peak Forward Current 
100 ms Pulse Width, 
1.0% Duty Cycle 
20 ms Pulse Width, 
1.0% Duty Cycle 


•trm 
1.0 


1.0 


Amp 


Non-Repetitive Peak Forward Current 
10 ms Pulse Width 
•tsm 
1.0 
Amp 


Gate to Cathode Forward Voltage 
vgkf 
40 
Volt 


Gate to Cathode Reverse Voltage 
vgkr 
5.0 
Volt 
Gate to Anode Reverse Voltage 
vgar 
40 
Volt 


Anode to Cathode Voltage 
vak 
±40 
Volt 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBPU131 


CASE 318-02/03, STYLE 14 
SOT-23 (TO-236AA/AB) 


UNIJUNCTION TRANSISTOR 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Peak-Point Current 
(Vs = 10 Vdc, Rq = 10 Mn) 
(Vs = 10 Vdc, Rq = 10 kn) 


IP 


- 
2.0 
5.0 


MA 


On-State Voltage 
(Vs = 10 Vdc, Rq = 1.0 Mrt) 
vT 
0.2 
1.6 
Volts 


Luminous Intensity 
(Vs = 10 Vdc, Rq = 1.0 Mn) 
(Vs = 10 Vdc, Rq = 10 kn) 


iv 


70 
50 
ma 


Anode to Cathode On-State Voltage 
(lp = 50 mA Peak) 
vF 
— 
1.5 
Volts 


Output Voltage 
(VB = 20 Vdc, Cc = 0.2 mF) 
v0 
6.0 
— 
Volts 


Rise Time 
(Vb = 20 Vdc, Cc = 0.2 mF) 
tr 
— 
80 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBR901 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/X 


Storage Temperature 
Tstg 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
v(BR)EBO 
2.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc, Ie = o» 
•CBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 5.0 mAdc, VCe = 5.0 Vdc) 
hFE 
30 
200 
— 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = 1.0 mhz) 
cobo 
— 
1.0 
PF 


Common-Emitter Amplifier Power Gain 
(Vcc = 6.0 Vdc, lc = 5.0 mAdc, f = 1.0 GHz) 
Gpe(1) 
16 (Typ) 
— 
dB 


Noise Figure 
dC = 5.0 mAdc, Vce = 6.0 Vdc, f = 1.0 GHz) 


NF(1) 
— 
1.9 (Typ) 
dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50O system. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
vceo 
15 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
35 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
R&JA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBR920 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, l£ = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
2.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = io vdc, Ie = o) 
(CBO 
_— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 14 mAdc, Vce = 10 Vdc) 
hFE 
25 
— 
250 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 14 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
h 
— 
4.5 
— 
GHz 


Collector-Base Capacitance 
(Vcb = 10 vdc. iE = o, f = i.o mhz) 
Ccb 
— 
— 
1.0 
pF 


Noise Figure 
(lC = 2.0 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
(lC = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 


NF(1) 


- 
2.4 
3.0 


- 


dB 


Common-Emitter Amplifier Power Gain 
dC = 2.0 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
dC = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 


Gpe(D 


- 
15 
10 


- 


dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50 0 system. 
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MMBR930 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Vottage 
VCBO 
15 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
35 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
12 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
15 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(l£ = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 5.o vdc, ie = o) 
>CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 30 mAdc, Vce = 5.0 Vdc) 
hFE 
25 
— 
250 
— 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
ccb 
— 
— 
1.0 
pF 


Noise Figure 
dC = 2.0 mAdc, VCe = 5.0 Vdc,f = 0.5 GHz) 
dC = 2.0 mAdc, Vce = 5.0 Vdc,f = 1.0 GHz) 


NF(1) 


- 
1.9 
2.5 


- 


dB 


Common-Emitter Amplifier Power Gain 
dC = 2.0 mAdc, Vce ° 5.0 Vdc, f = 0.5 GHz) 
(lC = 2.0 mAdc,VCe = 5.0 Vdc,f = 0.5 GHz) 


Gpe(1) 


- 
11 
8.0 


- 


dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
5.0 
Vdc 


Collector-Base Voltage 
VCBO 
10 
Vdc 


Emitter-Base Voltage 
VEBO 
2.0 
Vdc 


Collector Current — Continuous 
ic 
5.0 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBR931 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 0.1 mAdc, Ib = 0) 
V(BR)CEO 
5.0 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.01 mAdc, l£ = 0) 
V(BR)CBO 
10 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
2.0 
— 
— 
Vdc 


Collector Cutoff Current 
(vCb = 5.0 vdc, Ie = o) 
ICBO 
— 
— 
so 
nAdc 


ON CHARACTERISTICS 
I DC CurrentGain 
| 
(lc = 0.25 mAdc, Vce = 10Vdc) 
hFE 
30 
— 
150 
— 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcb = io vdc, Ie = o. f = 1.0 mhz) 
Ccb 
— 
— 
0.5 
pF 


Noise Figure 
(l£ = 0.25 mAdc, Vce = 1-0 Vdc, f = 1.0 GHz) 
NF(1) 
— 
4.3 
— 
dB 


Gate Power Dissipation 
(IE = 0.25 mAdc, Vce = 1° Vdc, f = 1.0 GHz) 
PG(1) 
— 
10 
— 
— 


(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 
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MMBR2060 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 
Collector-Base Voltage 
VCBO 
14 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsto 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
14 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, Ie = o> 
>CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 4.0, lc = 0) 
>EBO 
— 
100 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, Vce = 5.0 Vdc) 
(lC = 20 mAdc. Vce = 10 Vdc, f = 500 MHz) 


hFE 
20 
2.0 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 80 mAdc, Ib = 8.0 mAdc) 
VCE(sat) 
— 
0.38 
Vdc 


Base-Emitter Saturation Voltage 
dC - 40 mAdc, Ib - 20 mAdc) 
vBE(sat) 
— 
0.98 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
— 
1.0 
GHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, l£ = 0) 
Ccb 
— 
1.0 
PF 


Emitter-Base Capacitance 
(Veb = o.5 vdc, ic = o) 
Ceb 
— 
3.0 
PF 


Noise Figure 
(VCe = 10 Vdc, Ie = 1.5 mAdc, f = 450 MHz) 
NF(1) 
— 
3.5 
dB 


Common-Emitter Amplifier Power Gain 
(Vce = 10 Vdc, Ie = 1.5 mAdc, f = 450 Mhz) 
Gpgd) 
12.5 
— 
dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
2.5 
Vdc 


Collector Current — Continuous 
ic 
40 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
rm/VVC 


Storage Temperature 
TStfl 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
XAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBR2857 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
1 
Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 3.0 mAdc. Ib = 0) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC = 1.0 MAdc, Ie = 0) 
v(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE =• 10 MAdc,lc = 0) 
V(BR)EBO 
2.5 
— 
Vdc 


Collector Cutoff Current 
(VCB = 15 Vdc, l£ = 0) 
>CBO 
— 
0.05 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, VCe = 10 Vdc) 
hFE 
30 
— 
— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 4.0 mAdc, VCe = 10 Vdc, f = 100 MHz) 
fT 
1000 
— 
MHz 


Collector-Base Capacitance 
(VCB = 10 Vdc, lE = 0, f = 0.1 MHz) 
Ccb 
— 
1.0 
PF 


Small-Signal Current Gain 
(lC = 2.0 mAdc, Vce = 6.0 Vdc, f = 1.0 kHz) 
hfe 
50 
— 
— 


Noise Figure 
«C =• 1.8 mAdc, VCe = 6.0 Vdc, Rs = 50 n, f = 450 MHz) 
NF 
— 
4.5 
dB 


Common-Emitter Amplifier Power Gain 
dC = 1.5 mAdc, Vce = 6.0 Vdc, f = 450 MHz) 
Gp£ 
12.5 
— 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBR4957 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VcBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
"C 
30 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25*C 
PD 
350 
2.8 
mW 
mwrc 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc. lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = io vdc, ic = oi 
'CBO 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


OC Current Gain 
(lC = 2.0 mAdc, Vce = 10 Vdc) 
hFE 
20 
150 
— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lE = 2.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
1,200 
— 
MHz 


Collector-Base Capacitance 
(vCb = 10 vdc. iE = o, f = i.o mhz) 
Ccb 
— 
0.8 
PF 


Common-Emitter Amplifier Power Gain(1) 
(Vce ° 10 Vdc, lc = 2.0 mAdc, f = 450 MHz) 
Gpe 
17 (Typ) 
— 
dB 


Noise Figured) 
dC = 2.0 mAdc, Vce = 10 Vdc,f = 450 MHz) 


NF 
— 
3.0 (Typ) 
dB 


(1)Noise figure and power gain measured on the Ailtech 7380 50 O system. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
10 
Vdc 
Collector-Base Voltage 
VCBO 
15 
Vdc 
Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
20 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, Ta = 25X 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/X 
Storage Temperature 
Tsta 
150 
°c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
dC ° 0.01 mAdc. Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE ° 0.01 mAdc, lc = 0) 


Collector Cutoff Current 
(VCB ° 6.0 Vdc. IE - 0) 


ON CHARACTERISTICS 


MMBR5031 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
UnH 


v(BR)CEO 
10 
Vdc 


v(BR)CBO 
15 
Vdc 


V(BR)EBO 
3.0 
Vdc 


'CBO 
nAdc 


DC Current Gain 
dC = 1.0 mAdc, VCe = 6.0 Vdc) 
hFE 
25 
300 
- 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 6.0 Vdc, f = 100 MHz) 
fT 
1,000 
- 
MHz 


Collector-Base Capacitance 
(Vce = 6.0 vdc, Ie = o, f = o.i mhz) 
Ccb 
— 
1.5 
PF 


Noise Figure 
dC = 1.0 mAdc, Vce = 6.0 Vdc, f = 450 MHz) 
NF(1) 
— 
2.5 
dB 


Common-Emitter Amplifier Power Gain 
dC = 1.0 mAdc, Vce = 6.0 Vdc, f = 450 MHz) 
Gpe(1) 
14 
25 
dB 


(1)Noisefigure and power gain measure on Ailtech738050 n system. 
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MMBR5179 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


RF AMPUFIER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
2.5 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•TotBl Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
'CAN 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 3.0mAdc. Ib = 0) 


Collector-Base Breakdown Voltage 
(lC =* 0.01 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.01 mAdc, lc = 0) 


Collector Cutoff Current 
(Vcb ° is vdc, Ie = Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 3.0 mAdc.Vce ° 10 Vdc) 


Collector-Emitter Saturation Voltage 
(lp = 10 mAdc, Ib = 10 mAdc) 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ifl = 1-0mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = S.0 mAdc,Vce " 6.0 Vdc,f 
100 MHz) 


Collector-Base Capacitance 
(Vcb = io vdc, Ie = o. f = oi to 10 mhz) 


Small Signal Current Gain 
(IC = 2.0 mAdc,Vce = 6.0 Vdc.f = 1.0 kHz) 


Noise Figure 
dC = 1.5mAdc, Vce " 6.0Vdc, R$ ° 50n, f = 200Mhz) 


Common-Emitter Amplifier Power Gain 
(VCE ° 6.0Vdc,lc ° 5.0 mAdc,f = 200 MHz) 
(1)Noisefigureand power gain measured on the Ailtech 738050 n system. 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


>CBO 


hFE 


VcE(sat) 


VBE(sat) 


Ccb 


NF(1) 


Gpe(D 


Min 
Max 
Unit 


Vdc 


20 
Vdc 


2.5 
Vdc 


0.02 
MAdc 


25 


0.4 
Vdc 


1.0 
Vdc 


SOO 
MHz 


1.0 
PF 


25 


4.5 
dB 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Forward CurrentAvg. (Tc = +67°C) 
if 
510 
mA 
Peak Forward Gate Voltage 
vgfm 
5.0 
V 
Peak Forward Blocking Voltage; 
RG => 1.0 k 
MMBS5060 
MMBS5061 
MMBS5062 


vFXM 
30 
60 
100 


V 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total DeviceDissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/X 
Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 
•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBS5060,61,62 


CASE 318-02/03, STYLE 14 
SOT-23 (TO-236AA/AB) 


SILICON CONTROLLED RECTIFIER 


PNPN DEVICE 


Symbol 
Min 
Max 
Unit 


Gate Trigger Voltage 
MMBS5060 = 
30 V 
(RL = 100 O, Rqc = 1.0 kn. 
Anode Voltage = MMBS5061 = 60 V 
Tc = 125°C) 
MMBS5062 = 100 V 


Vgnt 
0.1 
— 
V 


Peak Forward Blocking Current 
MMBSS060 = 
30 V 
(RGC = 10 kO, 
VfXM = MMBS5061 = 60V 
TC = 125'C) 
MMBS5062 = 100 V 


>fxm 
— 
50 
ftA 


Peak Reverse Blocking Current 
MMBS5060 = 
30 V 
(RGC * 10 Ml, 
Vrxm = MMBS5061 = 60 V 
Tc = 125°C) 
MMBS5C62 = 100 V 


irxm 
— 
50 
f»A 


Forward Voltage* 
(lp = 1.2 A Peak) 
vf 
- 
1.7 
V 


Gate Trigger Current** 
(Rgc = lo kn, vac = 7.0 v, R|_ = 100 n 
"GT 
— 
200 
MA 


Gate Trigger Voltage 
(Rgc =• 1.0kn. vAc = 7.0 v, rl = 100n 
VQT 
— 
0.8 
V 


Holding Current 
(Vac = 7.0 v. rGc = 10 kn 
lH 
— 
5.0 
mA 


•PW « 1.0 ms, D.C. * 1.0%. 
••RGC current not included in measurement. 
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MMBT404,A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


CHOPPER TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
404 
404A 


Collector-Emitter Voltage 
VCEO 
24 
35 
Vdc 


Collector-Base Voltage 
VCBO 
25 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
12 
25 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC =» 10 mAdc, Ib = 0) 
MMBT404 
MMBT404A 


V(BR)CEO 
24 
35 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, Ie = 0) 
MMBT404 
MMBT404A 


V(BR)CBO 
25 
40 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
MMBT404 
MMBT404A 


V(BR)EBO 
12 
25 


- 
- 


Vdc 


Collector Cutoff Current 
(Vcb = 1° vdc, Ie = o) 
ICBO 
— 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = 1° vdc, ic = oi 
>EBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 12 mAdc, Vce = 0.15Vdc) 
hFE 
30 
— 
400 
— 


Collector-Emitter Saturation Voltage 
dC = 12 mAdc, Ib = 0.4 mAdc) 
(lC = 24 mAdc, Ib = 1.0 mAdc) 


VCE(sat) 


- 
- 
0.15 
0.20 


Vdc 


Base-Emitter Saturation Voltage 
dC = 12 mAdc, Ib = 0.4 mAdc) 
(lC = 24 mAdc, Ib = 10 mAdc) 


VBE(sat) 


- 
- 
0.85 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 6.o vdc, Ie = o) 
C0bo 
— 
— 
20 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 10Vdc, lc = 10 mAdc) (Figure 1) 
td 
— 
43 
— 
ns 


Rise Time 
(lB1 = 1.0mAdc, VBE(off) = 14Vdc) 


tr 
— 
180 
— 
ns 


Storage Time 
(Vcc = 10Vdc, lc = 10 mAdc) 
ts 
— 
675 
— 
ns 


Fall Time 
dB1 ~ 'B2 = 1° mAdc) (Figure 1) 


tf 
— 
160 
— 
ns 
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MMBT404.A 


SMALL-SIGNAL DEVICES 


rgure 1 — switching time test circuit 


Vbb 
vcc = -iov 


Rbb 
1.0 k 


0.1 u.F 
rb 


1.0 k 


To Scope 


'in o- 
|f—I—*WV—PC) 
10 k ^V 
51 


Vin 
(Volts) 
vbb 
(Volts) 


ton- td, tr 
- 
12 
+ 1.4 


t0ff» ts and tf 
+ 20.6 
-11.6 


Voltages and resistor values shown are 
for lc = 10 mA, \qI\^= 10 and Ibi = lB2 
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MMBT918 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


VHF/UHF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Vottage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
350 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 3.0 mAdc, Is = 0) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 1.0 MAdc, Ie = 0) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc, Ie = o) 
<CBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, Vce = 10 Vdc) 
hFE 
20 
— 
— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vce = 10 Vdc,f = 100 MHz) 
h 
600 
— 
MHz 


Output Capacitance 
(Vcb = o vdc, i£ = o, f = 1.0 mhz) 
(Vcb = 1° vdc, ie = o, f = i.o mhz) 


CODo 


- 
3.0 
1.7 


PF 


Input Capacitance 
(VEb = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
2.0 
PF 


Noise Rgure 
dC = 10 mAdc, Vce = 6.0 Vdc, Rs = 50 O, 
f = 60 MHz) (Figure 1) 


NF 
6.0 
dB 


Power Output 
(lC = 8.0 mAdc, Vcb = 15 Vdc,f = 500 MHz) 
Pout 
30 
— 
mW 


Common-Emitter Amplifier Power Gain 
(lC = 6.0 mAdc,Vcb = 12 Vdc,f = 200 MHz) 
Gpe 
11 
— 
dB 
j 
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MMBT918 


<s> 


FIGURE 1 — NF, Gpe MEASUREMENT CIRCUIT 20-200 


vbb 
vcc 


o 


EXTERNAL 
100 k V- 


0.018 ixF 


0.018 »iF 


-03 


( 1000 pF Bypass 


0.018 ijlF 
°~~Irf 
"vNAr- 
J? I—1|—I 
50ft 
_L 0.018 nF 


NF Test Conditions 
lC = 1.0 Amp 
Vce = 6.0 Volts 
RS = 50 ft 
f = 60 MHz 


Gpe Test Conditions 
lC = 6.0 mA 
Vce = 12 Volts 


f = 
200 MHz 
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MMBT930 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to MPS3904 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
VCBO 
45 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
30 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•c/w 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
I 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
45 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
45 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 5.o vdc, Ib = oi 
'CEO 
— 
10 
nAdc 


Collector Cutoff Current 
(Vcb = 45 vdc, Ie = o> 
'CBO 
— 
10 
nAdc 


Collector Cutoff Current 
(Vce = is vdc, Vbe = o) 
"CES 
— 
10 
nAdc 


Emitter Cutoff Current 
(vEb = 5.o vdc, ic = o) 
•ebo 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 10 MAdc, Vce = 5.0 Vdc) 
dC = 500 MAdc, VCe = 5.0 Vdc) 
dC = 10 mAdc, Vce = 5.0 Vdc) 


hFE 
100 
150 
300 


600 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib - 0.5 mAdc) 
VCE(sat) 
— 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 
0.6 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc,Vce = 5.0 Vdc, f = 30 MHz) 
fT 
30 
— 
MHz 


Output Capacitance 
(Vcb = 5.o vdc, ie = o, f = i.o mhz) 
C0bo 
— 
8.0 
PF 


Noise Figure 
dC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kO, 
f = 10 Hz to 15.7 kHz) 


NF 


" 


3.0 
dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


3-88 


MAXIMUM RATINGS 


Rating 
Symbol 
MMBT2222 
MMBT2222A 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
40 
Vdc 


Collector-Base Voltage 
VCBO 
60 
75 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBT2222.A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


TRANSISTOR 


NPN SIUCON 


Refer to MPS2222 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
MMBT2222 
MMBT2222A 


V(BR)CEO 
30 
40 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, Ie = 0) 
MMBT2222 
MMBT2222A 


V(BR)CB0 
60 
75 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
MMBT2222 
MMBT2222A 


v(BR)EBO 
5.0 
6.0 


- 
Vdc 


Collector Cutoff Current 
(Vce = 60 Vdc, VEB<off) = 3.0 Vdc) 
MMBT2222A 
'CEX 
— 
10 
nAdc 


Collector Cutoff Current 
(Vcb = so vdc, ie = oi 
MMBT2222 
(VCb = 60 Vdc, Ie = 0) 
MMBT2222A 
(Vcb *» 50 Vdc, Ie = O,TA = 125°C) 
MMBT2222 
(Vcb = 50 Vdc, Ie = 0, Ta = 125°C) 
MMBT2222A 


'CBO 


- 
0.01 
0.01 
10 
10 


MAdc 


Emitter Cutoff Current 
(Veb = 3.o vdc, ic = 0) 
MMBT2222A 
>EBO 
— 
10 
nAdc 


Base Cutoff Current 
(Vce = 60 Vdc,VEB(off) = 3.0 Vdc) 
MMBT2222A 
IBL 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 
dC = 0.1 mAdc, Vce = 10 Vdc) 
35 
_ 
dC = 1.0 mAdc, Vce = 10 Vdc) 
50 
_ 
dC = 10 mAdc, Vce = 10 Vdc) 
75 
_ 
dC = 10 mAdc, Vce = 10 Vdc, Ta = -55°C) 
MMBT2222A only 
35 
— 
dC = 150 mAdc, Vce = 10 Vdcl(l) 
100 
300 
(lC = 150 mAdc, Vce = 1.0Vdc)(1) 
50 
— 
dC = 500 mAdc, VCE = 10 VdcKD 
MMBT2222 
30 
— 
MMBT2222A 
40 
— 


Collector-Emitter Saturation Voltaged) 
VCE(sat) 
Vdc 
dC = 150 mAdc, Ib - 
15 mAdc) 
MMBT2222 
— 
0.4 
MMBT2222A 


— 
0.3 


dC = 500 mAdc, Ib = 50 mAdc) 
MMBT2222 
1.6 
MMBT2222A 


— 
1.0 
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MMBT2222.A 


ELECTRICALCHARACTERISTICS (continued) (TA ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Base-Emitter Saturation Voltaged) 
dC = 150mAdc, Ib = 15 mAdc) 
MMBT2222 
MMBT2222A 


dC = 500 mAdc, Ib = 50 mAdc) 
MMBT2222 
MMBT2222A 


VBE(sat) 


0.6 
1.3 
1.2 


2.6 
2.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
MMBT2222 
MMBT2222A 


<T 
250 
300 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
CQbo 
— 
8.0 
pF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = I.OMHz) 
MMBT2222 
MMBT2222A 


CjDO 


- 
30 
25 


pF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
MMBT2222A 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MMBT2222A 


hie 
2.0 
0.25 
8.0 
1.25 


kn 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
MMBT2222A 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MMBT2222A 


hre 


- 
8.0 
4.0 


X10-4 


Small-Signal Current Gain 
(lC = 10 mAdc, Vce = 10Vdc, f = 1.0kHz) 
MMBT2222A 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MMBT2222A 


hfe 
50 
75 
300 
375 


" 


Output Admittance 
dC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
MMBT2222A 
dC = 10 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
MMBT2222A 


hoe 
5.0 
25 
35 
200 


Mmhos 


Collector Base Time Constant 
(l£ = 20 mAdc, Vcb = 20 Vdc, f = 31.8 MHz) 
MMBT2222A 
rb'Cc 
— 
150 
ps 


Noise Figure 
dC = 100 MAdc, Vce = 1° Vdc, Rs = 1.0 kn, f = 1.0 kHz) 
MMBT2222A 


NF 
4.0 
4.0 
dB 


SWITCHING CHARACTERISTICS 
MMBT2222A only 


Delay Time 
(VCc = 30 Vdc, VBE(off) = 0.5 Vdc, 
lC = 150 mAdc, Ibi = 15 mAdc) 
td 
— 
10 
ns 


Rise Time 
tr 
— 
25 
ns 


Storage Time 
(Vcc = 30 Vdc, IC = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
ts 


— 
225 
ns 


Fall Time 
tf 
- 
60 
ns 


(1) Putse Test: Pulse Width « 300 ms, Duty Cycle < 2.0%. 
(2)fj is definedas the frequencyat which |hfe| extrapolatesto unity. 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Emitter Voltage 
VCES 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.5 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBT2369 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Refer to MPS2369 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
1 
Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 
1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR)CE0 
15 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 10 MAdc, Vbe = 0) 
V(BR)CES 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc,Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
((£ = 10 MAdc,lc = 0) 
V(BR)EBO 
4.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 Vdc, Ie = 0) 
(VCB = 20 Vdc, lE = 0, TA = 125°C) 


'CBO 


- 
- 
0.4 
30 


MAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, Vce = 1-0 Vdc) 
dC = 10 mAdc, Vce = 1.0 Vdc, Ta = -55°C) 
dC = 100 mAdc, VCe = 2.0 Vdc) 


hFE 
40 
20 
20 


- 
120 


Collector-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
0.70 
— 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 
1 Output Capacitance 
(Vcb = 5.0 Vdc, |E = 0, f = 1.0 MHz) 
C0do 
— 
— 
4.0 
pF 


I Small Signal Current Gain 
| 
(lc = 10 mAdc,Vce = 10Vdc,f = 100MHz) 
hfe 
5.0 
— 
— 
— 


SWITCHING CHARACTERISTICS 


Storage Time 
l'B1 ° 'B2 = lc = 10 mAdc) 
ts 
— 
5.0 
13 
ns 


Turn-On Time 
(Vcc = 3.0 Vdc, lc = 10 mAdc, Ibi = 3.0 mAdc) 
lon 
— 
8.0 
12 
ns 


Turn-Off Time 
(Vcc = 3.0 Vdc, lc = 10 mAdc, \q-\ = 3.0 mAdc, 
lB2 = 1-5 mAdc) 


toff 
~~ 
10 
18 
ns 


(1)Pulse Test: Pulse Width « 300 ms. Duty Cycle <s 2.0%. 
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MMBT24S4 


CASE 31802/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


LOW NOISE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC = 10 MAdc. Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 45 Vdc, lE = 0) 
(VCB = 45 Vdc, Ie = 0, TA 150°C) 


<CBO 


- 
10 
10 
nAdc 
MAdc 


Emitter Cutoff Current 
(Vbe = 5.o vdc, ic = o) 
>EBO 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc, Vce = 5.0 Vdc) 
dC = 10 mAdc, VCe = 5.0 Vdc) 


hFE 
250 
800 


Collector-Emitter Saturation Voltage 
(lC = 1.0 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 
— 
0.35 
Vdc 


Base-Emitter On Voltage 
dC = 10 mAdc, Vce = 5.0 Vdc) 
vBE(on) 
— 
0.95 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 5.0 Vdc, l£ = 0, f = 140 kHz) 
CQbo 
— 
6.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 140 kHz) 
Cjbo 
— 
6.0 
PF 


Noise Figure 
dC = 10 MAdc, Vce = 5.0 Vdc, Rs = 10 kll, f = 1.0 kHz, BW = 200 Hz) 


NF 
— 
3.0 
dB 
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MAXIMUM RATINGS 


Rating 
Symbol 
MPS2907 MPS2907A 
UnH 


Collector-Emitter Voltage 
vCEO 
40 
60 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25X 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
'CAN 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (TA ° 25'C unless otherwise noted.) 


Characteristic 


MMBT2907,A 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Refer to MPS2907 for graphs. 


Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, lB = 0) 
MMBT2S07 
MMBT2907A 


V(BR)CEO 
40 
60 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lc = 10 MAdc, l£ = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCE = 30 Vdc, Vbe(oH) = 0.5 Vdc) 
>CEX 
— 
50 
nAdc 


Collector Cutoff Current 
(Vcb = so vdc, ie = o) 


(Vcb = 50 Vdc, Ie = 0, Ta = 125°C) 


MMBT2907 
MMBT2907A 


MMBT2907 
MMBT2307A 


'CBO 


- 


0.020 
0.010 


20 
10 


MAdc 


Base Current 
(Vce = 30 Vdc, VBE(off) = 0.5 Vdc) 
IB 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
MMBT2907 
MMBT2907A 


dC = 1.0 mAdc, Vce = 10 Vdc) 
MMBT2907 
MMBT2907A 


(lC = 10 mAdc, Vce = 10 Vdc) 
MMBT2307 
MMBT2907A 


dC = 150 mAdc, Vce = 10 Vdcld) 
MMBT2907, MMBT2907A 


dC = 500 mAdc, Vce = 10 Vdc)(1) 
MMBT2907 
MMBT2907A 


hFE 
35 
75 


50 
100 


75 
100 


100 


30 
50 


300 


Collector-Emitter Saturation Voltaged) 
(lC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VcE(sat) 


- 
0.4 
1.6 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 


- 
1.3 
2.6 


Vdc 
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MMBT2907.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
) 
Max 
| 
UnH 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product{1),(2) 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
— 
MHz 


Output Capacitance 
(Vcb = io vdc, iE = o, f = i.o mhz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Vbe = 2.0 Vdc. lc = 0, f «= 1.0 MHz) 
Cibo 
— 
30 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
Iqi = 15 mAdc) 


ton 


— 
45 
ns 


Delay Time 
td 
— 
10 
ns 


Rise Time 
tr 


— 
40 
ns 


Turn-Off Time 
(VCc = 6.0 Vdc, lc = 150 mAdc, 
IBI = 'B2 = 15 mAdc) 


toff 


— 
100 
ns 
Storage Time 
ts 
— 
80 
ns 


Fall Time 
tf 
- 
30 
ns 
(1) Pulse Test: Pulse Width * 300 ms, Duty Cycle <s2.0%. 
(2)fr is defined as the frequency at which |hfe| extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
VCBO 
12 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
80 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBT3640 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
| 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 MAdc, Vbe = °) 
V(BR)CES 
12 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dc = 1° mAdc, Ib = 0) 
VCEO(sus) 
12 
- 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 MAdc, Ie = 0) 
V(BR)CBO 
12 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc, lc = 0) 
V(BR)EBO 
4.0 
- 
Vdc 


Collector Cutoff Current 
(Vce = 6.0 Vdc, Vbe = °> 
(Vce = 60 vdc, Vbe = o, ta = 65°c) 
'ces 
0.01 
1.0 
MAdc 


Base Current 
(Vce = 6.0 Vdc, Vbe = °» 
ib 
— 
10 
nAdc 


ON CHARACTERlSTtCSd) 


DCCurrent Gain 
dc = 10 mAdc, Vce = °-3 Vdc) 
dC = 50 mAdc, Vce = 10 Vdc) 
hFE 
30 
20 
120 
— 


Collector-EmitterSaturation Voltage 
dc = 10 mAdc, Ib - 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 
(lC = 10 mAdc,Ib = 1.0 mAdc,Ta = 65°C) 


VCE(sat) 


- 


0.2 
0.6 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 0.5 mAdc) 
dC = 10 mAdc, Ib = 1-0mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.75 
0.8 
0.95 
1.0 
1.5 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
500 
— 
MHz 


Output Capacitance 
(Vcb = = 5-° Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 


— 
3.5 
PF 


Input Capacitance 
(Vbe = °-5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
3.5 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 6.0 Vdc, lc = 50 mAdc,VBE(off) = 1-9Vdc, 
IBI = 5.0 mAdc) 
td 


— 
10 
ns 


Rise Time 
tr 
— 
30 
ns 


Storage Time 
(Vcc = 6.0 Vdc, lc = 50 mAdc, Ibi = >B2 = 5.0 mAdc) 
ts 
— 
20 
ns 


Fall Time 
tf 
— 
12 
ns 


Turn-On Time 
(Vcc = 6.0 Vdc,lc = 50 mAdc,VBE(off) = I-9 Vdc,Ibi = 5.0 mAdc) 
(Vcc = 1-5 Vdc. lc = 10 mAdc, Ibi = 0.5 mAdc) 


ton 


- 
25 
60 


ns 


Turn-Off Time 
(Vcc = 6.0 Vdc,lc = 50 mAdc,VBE(off) " 1-9V.IB1 = >B2 = 5.0 mAdc) 
(Vcc = 1-5 Vdc, lc = 10 mAdc, Ibi = <B2 = °-5 mAdc) 


toff 


- 
35 
75 


ns 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle < 2.0%. 
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MMBT3903 
MMBT3904 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to 2N3903 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltge 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total DeviceDissipation,Ta - 25°C 
Derate above 25 C 
pd 
350 
2.8 
mW 
mwrc 


Storage Temperature 
Tsto 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
°CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc,Ie = 0) 
v(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Base Cutoff Current 
(vCE = 30 vdc, Veb = 3.o vdc) 
IBL 
— 
50 
nAdc 


Collector Cutoff Current 
(Vce = 30 vdc, Veb = 3.o vdc) 
'CEX 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 0.1 mAdc, VCe = 1-0 Vdc) 
MMBT3303 
MMBT3904 


(lC = 1.0 mAdc, Vce = 10 Vdc) 
MMBT3903 
MMBT3904 


dC ° 10 mAdc, Vce = 10 Vdc) 
MMBT3903 
MMBT3904 


dC = 50 mAdc, VCe = 10 Vdc) 
MMBT3903 
MMBT3904 


dC = 100 mAdc, Vce = 10 Vdc) 
MMBT3903 
MMBT3904 


hFE 
20 
40 


35 
70 


50 
100 


30 
60 


15 
30 


150 
300 


Collector-Emitter Saturation Voltaged) 
dc - 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.2 
0.3 


Vdc 


Base-Emitter Saturation Voltaged) 
dc - 10 mAdc, Ib = 1.0 mAdc) 
dc = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.65 
0.85 
0.95 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
MMBT3903 
MMBT3904 


fT 
250 
300 


- 


MHz 
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MMBT3803 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output Capacitance 
(Vcb = 5.0 vdc, Ie = o, f = 1.0 mhz) 
Cobo 
- 
4.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
8.0 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MMBT3903 
MMBT3904 


hje 
1.0 
1.0 
8.0 
10 


k ohms 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MMBT3903 
MMBT3904 


hre 
0.1 
0.5 
5.0 
8.0 


X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MMBT3903 
MMBT3904 


hfe 
50 
100 
200 
400 


— 


Output Admittance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
1.0 
40 
Mmhos 


Noise Figure 
(lC = 100 MAdc,Vce = 5.0 Vdc, Rs = 1.0 k ohms, 
f = 10 Hz to 15.7 kHz) 
MMBT3903 
MMBT3904 


NF 


- 
6.0 
5.0 


dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 3.0 Vdc, Vbe = 0.5 Vdc, 
lC = 10 mAdc, Ibi = 1-0 mAdc) 
td 
— 
35 
ns 


Rise Ttme 
tr 
— 
35 
ns 


Storage Time 
(Vcc = 3.0 Vdc, lc = 10 mAdc, 
(B1 - 
'B2 = 1.0 mAdc) 


MMBT3903 
MMBT3904 
ts 
— 
175 
200 


ns 


Fall Time 
tf 
— 
50 
ns 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle <s 2.0%. 
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MMBT3906 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Refer to 2N3905 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Base Cutoff Current 
(Vce = 30 vdc, Vbe = 3.o vdc) 
<BL 
— 
50 
nAdc 


Collector Cutoff Current 
(Vce = 30 vdc, vBe = 3.o vdc) 
'CEX 
— 
50 
nAdc 


ON CHARACTERISTtCSd) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 1° Vdc) 
(lC = 1.0 mAdc, Vce = 1.0 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
(lc = 50 mAdc, Vce = 1.0Vdc) 
dC = 100 mAdc, Vce = 10 Vdc) 


hFE 
60 
80 
100 
60 
30 


300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 10 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.25 
0.4 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib - 5.0 mAdc) 


VBE(sat) 
0.65 
0.85 
0.95 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
250 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
4.5 
pF 


Input Capacitance 
(VBE = 0.5 Vdc, lC = 0, f = 100 kHz) 
Cjbo 
— 
10.0 
pF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hie 
2.0 
12 
kohms 


Voltage Feedback Ratio 
(lC = 1.0 mAdc, VCE = 10Vdc, f = 1.0 kHz) 
hre 
0.1 
10 
X10-4 


Small-Signal Current Gain 
(lC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
hfe 
100 
400 
— 
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MMBT3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Output Admittance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
3.0 
60 
Mmhos 


Noise Figure 
(lC = 100MAdc. Vce = 5.0Vdc, Rs = 1.0 k ohm, f = 10 10 Hzto 15.7kHz) 


NF 
— 
4.0 
dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 3.0 Vdc, Vbe = 0.5 Vdc 
lC = 10 mAdc, Ibi = 1.0 mAdc) 
td 
— 
35 
ns 


Rise Time 
tr 
— 
35 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 10 mAdc, 
'B1 - 'B2 = 1.0 mAdc) 


ts 
— 
225 
ns 


Fail Time 
tf 
- 
75 
ns 


(1) Pulse Width * 300 ms. Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-99 


MMBT4124 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to 2N4123 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4124 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Characteristic 
Symbol 
Min 
Max 
| 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 1.0 mAdc, l£ = 0) 
V(BR)CEO 
25 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc,Ie = 0) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc,lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 vdc, Ie = o) 
'CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
'EBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 2.0 mAdc, Vce = 10 Vdc) 
dC = 50 mAdc, Vce = 10 Vdc) 


hFE 
120 
60 
360 


— 


Collector-Emitter Saturation Voltaged) 
dC = 50 mAdc, Ib - 5.0 mAdc) 
VcE(sat) 
— 
0.3 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
vBE(sat) 
— 
0.95 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
300 
— 
MHz 


Output Capacitance 
(Vcb = 5° Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
4.0 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = lOOkHz) 
Cjbo 
— 
8.0 
pF 


Collector-Base Capacitance 
dE = 0, Vcb = 5.0 V, f = 100 kHz) 
Ccb 
— 
4.0 
pF 


Small-Signal Current Gain 
dC = 2.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hfe 
120 
480 
— 


Current Gain — High Frequency 
(lC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
(lC = 2.0 mAdc, VcE = 10 V, f = 1.0 kHz) 


Ihfel 
3.0 
120 
480 


" 


Noise Figure 
dC = 100 MAdc, Vce = 5.0 Vdc, Rs = 1.0 kohm. 
Noise Bandwidth = 10 Hz to 15.7 kHz) 


NF 
5.0 
dB 


(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N4125 
2N4126 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
25 
Vdc 


Collector-Base Voltage 
VCBO 
30 
25 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBT4125 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


Refer to 2N4125 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ie = 0) 
V(BR)CEO 
30 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, l£ = 0) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
IVcb = 20 Vdc, l£ = 0) 
'CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
<EBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
(lC = 2.0 mAdc, Vce = 10 Vdc) 
(lC = 50 mAdc, Vce = 10 Vdc) 


hFE 
50 
25 
150 


" 


Collector-Emitter Saturation Voltaged) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
VBE(sat) 
— 
0.95 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
— 
MHz 


Input Capacitance 
(Vbe = 0.5 Vdc. lc = 0. f = 100 kHz) 
Cibo 
— 
10 
pF 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, l£ = 0, f = 100 kHz) 
CCb 
— 
4.5 
pF 


Small-Signal Current Gain 
dC = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
50 
200 
— 


Current Gain — High Frequency 
(lC = 10 mAdc. Vce = 20 Vdc, f = 100 MHz) 
Ihfel 
2.0 
— 
— 


Noise Figure 
dC = 100 MAdc, Vce = 5.0 Vdc, Rs = 1.0 kohm. 
Noise Bandwidth = 10 Hz to 15.7 kHz) 


NF 
5.0 
dB 


(1) Pulse Test: Pulse Width = 300 Msec, Duty Cycle - 
2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBT4401 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Referto 2N4401 for graphs. 
ELECTRICAL CHARACTERISTICS (TA 


Characteristic 


OFF CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-BaseVoltage 
VCBO 
60 
Vdc 
Emitter-BaseVoltage 
VebO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
•Total DeviceDissipation, T^ = 25°C 
Derate above 25°C 


Storage Temperature 


•Thermal Resistance Junction to Ambient 


Symbol 


PD 


'stg 


RflJA 
•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


25°C unless otherwise noted.) 


Symbol 
Min 


Max 


350 
2.8 


150 


357 


Max 


UnH 


mW 
mW/°C 


•CAV 


UnH 


Collector-Emitter Breakdown Voltaged) 
dc = 1-0mAdc, Ib = 0) 
V(BR)CEO 
40 
Vdc 
Collector-Base BreakdownVoltage 
(lc - 0.1 mAdc, Ie = 0) 
v(BR)CBO 
60 
— 
Vdc 
Emitter-Base BreakdownVoltage 
(Ie = 0.1 mAdc, lc = 0) 
V(BR)EB0 
6.0 
— 
Vdc 
Base Cutoff Current (Vce = 35 Vdc, Veb = 0.4 Vdc) 
'bev 
— 
0.1 
MAdc 
Collector Cutoff Current 
(Vce = 35 Vdc, Veb = °-4 Vdc) 
'CEX 
- 
0.1 
MAdc 
ON CHARACTERISTICSd) 


DCCurrent Gain 
(lc = 0.1 mAdc, Vce = 1-0Vdc) 
dC = 10 mAdc, Vce ° 10 Vdc) 
dC =• 10 mAdc, Vce = LOVdc) 
dC = 150 mAdc, Vce = 10 Vdc) 
(lC = 500 mAdc, VCe = 2.0 Vdc) 


hFE 
20 
40 
80 
100 
40 
300 


Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib - 50 mAdc) 
VCE(sat) 


_ 
0.4 
0.75 
Vdc 


Base-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
(lC = 500 mAdc, Ib = 50 mAdc) 
VBE(sat) 
0.75 
0.95 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
250 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, l£ = 0, f = 100 kHz) 
Ccb 
— 
6.5 
PF 


Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Ceb 
— 
30 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hie 
1.0 
15 
kohms 


Voltage Feedback Ratio 
dC = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 
hre 
0.1 
8.0 
X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
40 
500 
— 


Output Admittance 
dC = 1.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hoe 
1.0 
30 
Mmhos 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vdc, Veb = 2.0 Vdc, 
lC = 150 mAdc, Ibi = 15 mAdc) 
td 


— 
15 
ns 


Rise Time 
tr 
— 
20 
ns 
Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
ts 


— 
225 
ns 


Fall Time 
tf 
— 
30 
ns 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle « 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstg 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc ° 1-0 mAdc, Ib = 0) 


Collector-BaseBreakdown Voltage 
dc = 0-1 mAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, lc = 0) 


Base CutoffCurrent 
(Vce ° 35 Vdc, Vbe = 0-4Vdc) 


CollectorCutoffCurrent 
(Vce " 35 Vdc.Vbe = °-4 Vdc> 


MMBT4403 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Refer to 2N4402 for graphs. 


Symbol 
Min 
Max 
UnH 


V(BR)CEO 
40 
Vdc 


V(BR)CBO 
40 
Vdc 


V(BR)EBO 
5.0 
Vdc 


'BEV 
MAdc 


'CEX 
0.1 
MAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 0.1 mAdc, Vce = 1-0Vdc) 
hFE 
30 
— 
— 
«C = 1.0 mAdc, Vce = 1.0 Vdc) 
60 
— 
(lC = 10 mAdc, Vce = 10 Vdc) 
100 
— 
(lC = 150 mAdc, Vce = 2.0Vdc)(1) 
100 
300 
dC = 500 mAdc, Vce = 2-0Vdcld) 
20 
— 


Collector-Emitter Saturation Voltaged) 
(lc = 150 mAdc,Ib = 15 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 
dC = 500 mAdc,Ib = 50 mAdc) 
— 
0.75 


Base-EmitterSaturation Voltaged) 
dc = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
0.75 
0.95 
Vdc 
dC = 500 mAdc, Ib = 50 mAdc) 
— 
1.3 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — BandwidthProduct dc = 20 mAdc, Vce = 10Vdc, f = 100MHz) 
fT 
200 
— 
MHz 


Collector-BaseCapacitance 
(Vcb = 1° Vdc, l£ = 0, f = 140 kHz) 
Ccb 
- 
8.5 
PF 


Emitter-BaseCapacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 140 kHz) 
Ceb 
— 
30 
pF 


Input Impedance dc = 1.0 mAdc,Vce = 10Vdc,f = 1.0 kHz) 
hie 
1.5k 
15k 
ohms 


Voltage FeedbackRatio dc = 1.0 mAdc,Vce = 10Vdc,f = 1.0kHz) 
hre 
0.1 
8.0 
X10-4 


Small-SignalCurrent Gain 
dc = 1.0 mAdc,Vce = 10 Vdc,f = 1.0kHz) 
hfe 
60 
500 
— 


Output Admittance dc = 1-0mAdc, Vce = 10Vdc,f = 1.0 kHz) 
hoe 
1.0 
100 
Mmhos 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCC = 30 Vdc, VBe = 2.0 Vdc, 
lC = 150 mAdc, Ibi = 15 mAdc) 
td 
— 
15 
ns 


Rise Time 
tr 
— 
20 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
IBI = 'B2 = 15 mAdc) 
ts 
— 
225 
ns 


Fall Time 
tf 
— 
30 
ns 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBT5086.87 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


LOW NOISE TRANSISTOR 


PNP SIUCON 


Refer to 2N5086 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
vEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
50 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
v(BR)CBO 
50 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, ie = o) 
(vCb = 35 vdc, ie = oi 


>CBO 


- 
10 
50 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 MAdc, Vce = 5.0 Vdc) 
MMBT5086 
MMBT5087 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 
MMBT5086 
MMBT5087 


(lC = 10 mAdc, Vce = 5.0 Vdc) 
MMBT5086 
MMBT5087 


hFE 
150 
250 


150 
250 


150 
250 


500 
800 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
0.3 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc, Vce = 5.0 Vdc, f = 20 MHz) 
fT 
40 
- 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
4.0 
PF 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
MMBT5086 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
MMBT5087 


hfe 
150 
250 
600 
900 


— 


Noise Figure 
dC = 20 mAdc, VCe = 5.0 Vdc, Rs = 10 kn, 
f = 10 Hz to 15.7 kHz) 
MMBT5086 
MMBT5087 


dC = 100 MAdc, Vce = 5.0 Vdc, 
RS = 3.0 kn, f = 1.0 kHz) 
MMBT5086 
MMBT5087 


NF 


- 
3.0 
2.0 


3.0 
2.0 


dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
MMBT5088 
MMBTS089 


Collector-Emitter Voltage 
VCEO 
30 
25 
Vdc 


Collector-Base Voltage 
VCBO 
35 
30 
Vdc 


Emitter-Base Voltage 
VebO 
4.5 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 
25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/*C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBT5088,89 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


LOW NOISE TRANSISTOR 


NPN SIUCON 


Refer to MPSA18 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
(lC = 1.0mAdc, Ib = 0) 
MMBT5088 
MMBT5089 


V(BR)CEO 
30 
25 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, l£ = 0) 
MMBT5088 
MMBTS089 


V(BR)CBO 
35 
30 


- 
Vdc 


Collector Cutoff Current 
(Vcb = 20 vdc, Ie = o) 
mmbtsoss 
(Vcb = is vdc, Ie = o) 
mmbtsosb 


'CBO 


- 
50 
50 


nAdc 


Emitter Cutoff Current 
IVEB(off) = 3.0Vdc,lc = 0) 
MMBT5088 
(VEB(off) = 4.5Vdc, lc = 0) 
MMBT5089 


>EBO 


- 
50 
100 


nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 100 MAdc, VCE = 5.0 Vdc) 
MMBT5C88 
MMBT5089 


(lC = 10 mAdc, Vce = 5.0 Vdc) 
MMBT5088 
MMBT5089 


dC = 10 mAdc, Vce = 5.0 Vdc) 
MMBT5088 
MMBT5089 


hFE 
300 
400 


350 
450 


300 
400 


900 
1200 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.8 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc, Vce = 5.0 Vdc, f = 20 MHz) 
fT 
50 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = lOO kHz emitter guarded) 
Ccb 
— 
4.0 
PF 


Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz collector guarded) 
Ceb 
— 
10 
pF 


Small Signal Current Gain 
(IC = 1.0 mAdc, Vce = 5-0 Vdc, f = 1.0 kHz) 
MMBT5088 
MMBT5089 


hfe 
350 
450 
1400 
1800 


Noise Figure 
dC = 100 MAdc, Vce = 5-0 Vdc, Rs = 10 kn, 
f = 10 Hz to 15.7 Hz) 
MMBT5088 
MMBT5089 


NF 


- 
3.0 
2.0 


dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBT5401 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
150 
Vdc 


Collector-Base Voltage 
VCBO 
160 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5401 for graphs. 


ELECTRICALCHARACTERISTICS (TA 
25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
150 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc, Ie = 0) 
V(BR)CBO 
160 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(vCb = 100 vdc, Ie = o) 
(Vcb = 10° vdc, Ie = o, ta = isox) 


•CBO 


- 
50 
50 
nAdc 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
(lC = 10 mAdc, Vce = 5.0 Vdc) 
dC = 50 mAdc, Vce = 5.0 Vdc) 


hFE 
50 
60 
50 
240 


Collector-Emitter Saturation Voltage 
dC - 10 mAdc, Ib - 1.0 mAdc) 
«C = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.20 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 10 mAdc) 
dC - 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 


- 
1.0 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VCe = 1° Vdc, f = 100 MHz) 
fT 
100 
300 
MHz 


Output Capacitance 
(Vcb = 10 vdc, iE = o, f = 1.0 mhz) 
C0bo 
— 
6.0 
pF 


Small Signal Current Gain 
dC = 1.0 mAdc, Vce •= 10 Vdc, f = 1.0 kHz) 
hfe 
40 
200 
— 


Noise Figure 
dC = 200 MAdc,Vce = 5.0 Vdc, Rs = 10 ohms, 
f = 10 Hz to 15.7 kHz) 


NF 
8.0 
dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


3-106 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
140 
Vdc 


Collector-Base Voltage 
VCBO 
160 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/"C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBT5550 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


Refer to 2NSSS0 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta •= 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
140 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, lc = 0) 
V(BR)CB0 
160 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = loo vdc, Ie = oi 
(Vcb = 100 Vdc, l£ = 0, Ta = 100°C) 


•CBO 


- 
100 
100 
nAdc 
MAdc 


Emitter Cutoff Current 
(Veb = 4.o vdc, ic " o) 
•ebo 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
dC = 10 mAdc, Vce = 5.0 Vdc) 
dC = 50 mAdc, Vce = 5.0 Vdc) 


hFE 
60 
60 
20 
250 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.15 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1-0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 


- 
1.0 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
100 
300 
MHz 


Output Capacitance 
(Vcb = 10 vdc, ie = o, f = 1.0 mhz) 
CGbo 
— 
6.0 
PF 


Input Capacitance 
(Vbe = 0.5 vdc, ic = o, f = 1.0 mhz) 
Cjbo 
— 
30 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-107 


MMBT6427 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Refer to 2N6426 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
vEbo 
12 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsto 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc.l£ = 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dC = 10 MAdc. lc = 0) 
V(BR)EBO 
12 
— 
Vdc 


Collector Cutoff Current 
(Vce = 25 Vdc, lB = 0) 
'CEO 
— 
1.0 
MAdc 


Collector Cutoff Current 
(Vcb = 30 Vdc, lE = 0) 
'CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(Vbe = 10 vdc, ic = o) 
<EBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, Vce = 5.0 Vdc) 
dC = 100 mAdc, Vce = 5.0 Vdc) 
(lC = 500 mAdc, Vce = 5.0 Vdc) 


hFE 
10,000 
20,000 
14,000 


100,000 
200,000 
140,000 


Collector-Emitter Saturation Voltage 
dC - 50 mAdc, Ib - 0.5 mAdc) 
dC = 500 mAdc, Ib - 0.5 mAdc) 


VCE(sat) 


- 
1.2 
1.5 


Vdc 


Base-Emitter Saturation Voltage 
dC - 500 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 
— 
2.0 
Vdc 


Base-Emitter On Voltage 
dC = 50 mAdc, Vce = 50 Vdc) 
VBE(on) 
— 
1.75 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 vdc, ie = o, f = 1.0 mhz) 
C0bo 
— 
7.0 
PF 


Input Capacitance 
(Vbe = 0.5, ic = o, f = 1.0 mhz) 
Cibo 
— 
15 
PF 


Current Gain — High Frequency 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
Ihfel 
1.3 
— 
Vdc 


Noise Figure 
dC = 1.0 mAdc, Vce = 5.0 Vdc, Rs = 100 kn, 
f = 1.0 kHz to 15.7 kHz) 


NF 
10 
dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


3-108 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 


UnH 
MMBT6428 
MMBT6429 


Collector-Emitter Voltage 
VCEO 
50 
45 
Vdc 


Collector-Base Voltage 
VCBO 
60 
55 
Vdc 


Emitter-Base Voltage 
Vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25'C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBT6428.29 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MPSA18 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
MMBT6428 
dC = 1.0 mAdc, Ib = 0) 
MMBT6429 


V(BR)CEO 
50 
45 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc,Ie = 0) 
MMBT6428 
dC = 0.1 mAdc, Ie = 0) 
MMBT6429 


V(BR)CBO 
60 
55 


- 


Vdc 


Collector Cutoff Current 
(VCe = 30 Vdc) 
'CEO 
— 
0.1 
MAdc 


Collector Cutoff Current 
(Vcb = so vdc, Ie = o» 
>CBO 
— 
0.01 
MAdc 


Emitter Cutoff Current 
(vEb = 5.o vdc, ic = o) 
>EBO 
— 
0.01 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 0.01 mAdc, Vce = 5.0 Vdc) 
MMBT6428 
MMBT6429 


dC = 0.1 mAdc, Vce = 5.0 Vdc) 
MMBT6428 
MMBT6429 


(lC = 1-0 mAdc, Vce = 5.0 Vdc) 
MMBT6428 
MMBT6429 


(lC = 10 mAdc, Vce = 5.0 Vdc) 
MMBT6428 
MMBT6429 


hFE 
250 
500 


250 
500 


250 
500 


250 
500 


650 
1250 


Collector-Emitter Saturation Voltage 
«C = 10 mAdc, Ib = 0.5 mAdc) 
(lC = 100 mAdc, Ib = 5.0 mAdc) 


VcE(sat) 


- 
0.2 
0.6 


Vdc 


Base-Emitter On Voltage 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
0.56 
0.66 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
100 
700 
MHz 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = i.o mhz) 
cobo 
— 
3.0 
pF 


Input Capacitance 
(VEb = 0-5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
8.0 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBT6517 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


Refer to 2N6517 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VceO 
350 
Vdc 


Collector-Base Voltage 
VCBO 
350 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Base Current 
ib 
250 
mA 


Collector Current — Continuous 
ic 
500 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA) 
V(BR)CEO 
350 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 mA) 
V(BR)CBO 
350 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE - 10 mA) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 250 V) 
ICBO 
— 
50 
nA 


Emitter Cutoff Current 
(VEB = 5.0 V) 
>EBO 
— 
50 
nA 


ON CHARACTERISTICS 


OC Current Gain 
dc = 1.0 mA, Vce = 10 V) 
(lc = 10 mA, Vce = 10 V) 
dc = 30 mA, Vce = 10 V) 
dc = 50 mA, Vce = 10 V) 
dc = 100 mA, Vce = 10 V) 


hFE 
20 
30 
30 
20 
15 


200 
100 


Collector-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
dC = 20 mA, Ib = 2.0 mA) 
dC = 30 mA Ib = 3.0 mA) 
dC = 50 mA, Ib = 5.0 mA) 


VCE(sat) 


- 


0.30 
0.35 
0.50 
1.0 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
dC = 20 mA, Ib = 2.0 mA) 
dC = 30 mA, Ib = 3.0 mA) 


VBE(sat) 


- 


0.75 
0.85 
0.90 


Vdc 


Base-Emitter On Voltage 
dc = 100 mA, Vce = 10 V) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mA, Vce = 20 V, f = 20 MHz) 
fT 
40 
200 
MHz 


Collector-Base Capacitance 
(Vcb = 20V,f = 1.0 MHz) 
Ccb 
— 
6.0 
pF 


Emitter-Base Capacitance 
(Veb = 0-5 V, f = 1.0 MHz) 
Ceb 
— 
80 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
350 
Vdc 


Collector-Base Voltage 
VCBO 
350 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Base Current 
>B 
250 
mA 


Collector Current — Continuous 
'C 
500 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


MMBT6520 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


PNP SIUCON 


Refer to 2N6520 for graphs. 


Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA) 
V(BR)CEO 
350 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 mA) 
V(BR)CBO 
350 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 mA) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 250 V) 
'CBO 
— 
50 
nA 


Emitter Cutoff Current 
(VEb = 4.0 V) 
>EBO 
— 
50 
nA 


ON CHARACTERISTICS 


OC Current Gain 
dC = 1.0 mA, Vce = 1° V) 
dc = 10 mA, VCe = 10 V) 
dC = 30 mA, Vce = 10 V) 
dc = 50 mA, Vce = 10 V) 
dc = 100 mA, Vce = 10 V) 


hFE 
20 
30 
30 
20 
15 


200 
100 


Collector-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
(lC = 20 mA Ib = 2.0 mA) 
dC = 30 mA, lB = 3.0 mA) 
dC = 50 mA, Ib ° 5.0 mA) 


VCE(sat) 


— 


0.30 
0.35 
0.50 
1.0 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
dC = 20 mA, Ib = 2.0 mA) 
dC = 30 mA, Ib = 3.0 mA) 


VBE(sat) 


- 
0.75 
0.85 
0.90 


Vdc 


Base-Emitter On Voltage 
dc = 100 mA, vCe = io v) 
VBE(on) 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mA, Vce = 20 V, f = 20 MHz) 
fT 
40 
200 
MHz 


Collector-Base Capacitance 
(Vcb = 20V.f = 1.0 MHz) 
Ccb 
— 
6.0 
PF 


Emitter-Base Capacitance 
(Veb = 0.5 V. f = 1.0 MHz) 
Ceb 
— 
100 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBT6543 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


AMPURER TRANSISTOR 


NPN SILICON 


Refer to MPS6S43 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
35 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
X 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CE0 
25 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc,Ie = 0) 
v(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 MAdc, lc = 0) 
V(BR)EB0 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 25 vdc. ie = oi 
>CBO 
— 
— 
0.1 
MAdc 


Emitter Cutoff Current 
(vBe = 2.0 vdc, ic = o) 
lEBO 
— 
— 
1.0 
MAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 4.0 mAdc, VC£ = 10 Vdc) 
hFE 
25 
60 
— 
— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
200 
350 
mVdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
vBE(sat) 
— 
750 
950 
mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vce = 12 Vdc,f = 100 MHz) 
fT 
750 
1100 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 1.0 MHz) 
cobo 
— 
0.8 
1.0 
pF 


Collector Base Time Constant 
(lE = 4.0 mAdc, Vce = 12 Vdc. f = 31.8 MHz) 
rb'Cc 
— 
— 
9.5 
ps 


(2) Pulse Test: Pulse Width * 300 ms. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
MMBTA05 
MMBTA06 
Collector-Emitter Voltage 
vCEO 
60 
80 
Vdc 
Collector-Base Voltage 
VCBO 
60 
80 
Vdc 
Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 
Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBTA05.06 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DRIVER TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless otherwisenoted.) 


I 
Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, lB = 0) 
MMBTA05 
MMBTA06 


V(BR)CEO 
60 
80 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 60 Vdc, lB = 0) 
'CEO 
— 
0.1 
MAdc 


Collector Cutoff Current 
(vCb = 60 vdc, Ie = o) 
mmbtaos 
(Vcb = 80 Vdc, Ie = 0) 
MMBTA06 


'CBO 


- 
0.1 
0.1 


MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc, Vce = LO Vdc) 


hFE 
50 
50 


- 


— 


Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 
VCE(sat) 
— 
0.25 
Vdc 


Base-Emitter On Voltage 
dC = 100 mAdc, Vce = 1.0 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mA, Vce = 2.0 V, f = 100 MHz) 
fT 
100 
— 
MHz 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle « 2.0%. 
(2)ff is defined as the frequency at which |hfe| extrapolates to unity. 


SMALL-SIGNAL DEVICES 


3-113 


MOTOROLA SEMICONDUCTORS 


MMBTA13.14 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DARLINGTON AMPLIFIER 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCES 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
10 
Vdc 


Collector Current — Continuous 
ic 
300 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5%alumina 10 x 8 x 0.6 mm. 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC" 100MAdc, Ib = 0) 


Collector Cutoff Current 
(Vcb =• 30 vdc, ie = o) 


Emitter Cutoff Current 
cvBE ° io Vdc' 'c ° o> 
ON CHARACTERISTICSd) 


DC Current Gain 
dC = 10 mAdc,Vce = 50 Vdc) 


dC = 100 mAdc, Vce = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc,Ib ° 01 mAdc) 


Base-Emitter On Voltage 
dc = 100mAdc, Vce = 5.0Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, Vce = 50 Vdc,f = 100 MHz) 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle * 2.0%. 
(2)fr - Ihfel• ftest- 


MOTOROLA SEMICONDUCTORS 


MMBTA13 
MMBTA14 


MMBTA13 
MMBTA14 


3-114 


Symbol 


V(BR)CES 


'CBO 


'EBO 


hFE 


VcE(sat) 


vbe 


Min 


30 


5000 
10,000 


10,000 
20,000 


125 


Max 


100 


100 


1.5 


2.0 


Unit 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


MHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25'C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBTA20 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE AMPLIFIER 


NPN SIUCON 


Refer to MPS3S04 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc. ie = o) 
*CBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, Vce = 10 Vdc) 
hFE 
40 
400 
— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib - 1.0 mAdc) 
VcE(sat) 
— 
0.25 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fr 
125 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
cobo 
— 
4.0 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-115 


MMOTA42.43 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 


UnH 
MMBTA42 
MMBTA43 


Collector-Emitter Voltage 
vCEO 
300 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
200 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
6.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsto 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


Refer to MPSA42 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
MMBTA42 
MMBTA43 


V(BR)CEO 
300 
200 


- 


Vdc 


Collector-Base Breakdown Voltage 
(IC = 100 MAdc, Ie = 0) 
MMBTA42 
MMBTA43 


V(BR)CBO 
300 
200 


- 


Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200 vdc, ie = o) 
(Vcb = 160 vdc, ie = o) 


MMBTA42 
MMBTA43 


ICBO 


- 
0.1 
0.1 


MAdc 


Emitter Cutoff Current 
(Vbe = s.o vdc, ic = o) 
(vBe = 4.o vdc, ic = oi 


MMBTA42 
MMBTA43 


>EBO 


- 
0.1 
0.1 


MAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 1.0 mAdc, Vce ° 10 vdc> 
(lC = 10 mAdc,Vce = 1° vdc> 


dC = 30 mAdc,Vce = 1° Vdc) 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(lC = 20 mAdc, Ib = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc,Vce = 20 Vdc,f = 100 MHz) 


Collector-Base Capacitance 
(Vcb = 2° vdc ie = o, f = i.o mhz) 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle *s2.0%. 


MOTOROLA SEMICONDUCTORS 


Both Types 
Both Types 


MMBTA42 
MMBTA43 


MMBTA42 
MMBTA43 


MMBTA42 
MMBTA43 


3-116 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


25 
40 


40 
40 


0.5 
0.5 


0.9 


3.0 
4.0 


Vdc 


Vdc 


MHz 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MMBTAS5 MMBTA56 
Unit 


Collector-Emitter Voltage 
VCEO 
60 
80 
Vdc 


Collector-Base Voltage 
vCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MMBTA55.56 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DRIVER TRANSISTOR 


PNP SILICON 


Symbol 
Min 
Max 
UnH 3 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
MMBTA55 
MMBTA56 


v(BR)CEO 
60 
80 


- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(vCe = 60 vdc, ib = o) 
'CEO 
— 
0.1 
MAdc 


Collector Cutoff Current 
(Vcb = so vdc, Ie = oj 
mmbtass 
(VCb = 80 Vdc, Ie = 0) 
MMBTA56 


'CBO 


- 
0.1 
0.1 


MAdc 


ON CHARACTERISTICS 
I DC CurrentGain 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc, Vce = LO Vdc) 


hFE 
50 
50 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
VCE(sat) 
— 
0.25 
Vdc 


Base-Emitter On Voltage 
(lC = 100 mAdc, VCe = 1-0 Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 100 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
50 
- 
MHz 


(1) Pulse Test: Pulse Width =s 300 ms. Duty Cycle =s 2.0%. 
(2)fj is defined as the frequency at which |hfe| extrapolates to unity. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-117 


MMBTA63 
MMBTA64 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


DARLINGTON TRANSISTOR 


PNP SIUCON 


Refer to MPSA75 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCES 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VebO 
10 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
ISO 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 100 MAdc) 
V(BR)CES 
30 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc) 
tCBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = 10 Vdc) 
<EBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
(lC = 10mAdc, Vce = 5.0Vdc) 
MMBTA63 
(lC •= 10mAdc, Vce = 5.0Vdc) 
MMBTA64 
(lC = 100mAdc, Vce = 5.0Vdc) 
MMBTA63 
(lC = 1000mAdc, VC£ = 5.0Vdc) 
MMBTA64 


hFE 
5,000 
10,000 
10,000 
20,000 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
dC = 100 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 10 mAdc.Vce = 50 Vdc,f = 100 MHz) 
fT 
125 
— 
MHz 


(1) Pulse Test: Pulse Width <s300 ms, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


3-118 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBTA70 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Refer to 2N5086 for graphs. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(vCb = 30 vdc. i£ = o) 
>CBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 5.0 mAdc, VCe = 10 Vdc) 
hFE 
40 
400 
— 


Collector-Emitter Saturation Voltage 
dC - 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
0.25 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
125 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
C0bo 
— 
4.0 
pF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-119 


MAXIMUM RATINGS 
MMBTA92.93 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


HIGH VOLTAGE 
TRANSISTOR 


PNP SIUCON 


Rating 
Symbol 
MMBTA92 MMBTA93 
Unit 


Collector-Emitter Vottage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Characteristic 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 


Storage Temperature 


VCEO 


VCBO 


VEBO 


Symbol 


pd 


lstg_ 


•Thermal Resistance Junction to Ambient 
RflJA 
•Package mounted on 99.5%alumina 10 x 8 x 0.6 mm. 
Refer to MPSA92 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


300 


300 


5.0 


Characteristic 
Symbol 
Min 


200 


200 


5.0 


500 


Max 


350 
2.8 


150 


Max 


Vdc 


Vdc 


mAdc 


Unit 


mW 
mWfC 


°C 


•CAV 


UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 1.0mAdc, Ib = 0) 
MMBTA92 
MMBTA93 


V(BR)CEO 
300 
200 


- 


Vdc 


Collector-Base Breakdown Voltage 
(IC = 100MAdc, Ie = 0) 
MMBTA92 
MMBTA93 


V(BR)CBO 
300 
200 


- 


Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200Vdc, Ie = 0) 
MMBTA92 
(Vcb = 160Vdc,Ie = 0| 
MMBTA93 


>CBO 


- 
0.25 
0.25 


MAdc 


Emitter Cutoff Current 
(vBe = 30 vdc, ic = o) 
'EBO 
— 
0.1 
MAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1-0mAdc,Vce = 1° Vdc) 
dC = 10 mAdc, Vce = 1° Vdc) 


dC = 30 mAdc, Vce = 1° Vdc) 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 20 Vdc,f = 100 MHz) 


Collector-Base Capacitance 
(Vcb = 20 vdc, Ie = o, f 
1.0 MHz) 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle =s 2.0%. 


MOTOROLA SEMICONDUCTORS 


Both Types 
Both Types 


MMBTA92 
MMBTA93 


MMBTA92 
MMBTA93 


MMBTA92 
MMBTA93 


3-120 


hFE 


VCE(sat) 


vBE(sat) 


Ccb 


25 
40 


50 


0.5 
0.5 


6.0 
8.0 


MHz 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBTH10 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


VHF/UHF TRANSISTOR 


NPN SILICON 


Refer to MPSH10 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 
[Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
25 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc, lc = 0) 
v(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb =» 25 Vdc, Ie = o) 
•CBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = 2.0 vdc, ic = o) 
'EBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 4.0 mAdc, Vce = 10 Vdc) 
hFE 
60 
— 
— 


Collector-Emitter Saturation Voltage 
dC = 4.0 mAdc, Ib = 0.4 mAdc) 
VcE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
dC = 4.0 mAdc, Vce = 10 Vdc) 
vbe 
— 
0.95 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fr 
650 
— 
MHz 


Collector-Base Capacitance 
(Vcb = io vdc, Ie = o, f = 1.0 mhz) 
Ccb 
— 
0.7 
PF 


Common-Base Feedback Capacitance 
(Vcb = 10 vdc, iE = 0, f = 1.0 MHz) 
Crb 
0.35 
0.65 
PF 


Collector Base Time Constant 
dC = 4.0 mAdc, Vcb = 10 Vdc, f = 31.8 MHz) 
rb'Cc 
— 
9.0 
ps 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-121 


MMBTH24 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


VHF MIXER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VcBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1-0 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC = 100 MAdc, Ie = 0) 
V<BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc, ie = oi 
'CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 8.0 mAdc, Vce = 10 Vdc) 
hFE 
30 
— 
— 
— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product!1) 
(lC = 8.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
400 
620 
— 
MHz 


Collector-Base Capacitance 
(Vcb = io vdc, iE = o, f = i.o mhz) 
Ccb 
— 
0.25 
0.36 
PF 


Conversion Gain 
(213 MHz to 45 MHz) 
dC = 8.0mAdc,Vcc = 20Vdc, Oscillator Injection = 150mVrms) 
(60 MHz to 45 MHz) 
dC = 8.0mAdc,Vcc = 20Vdc,Oscillator Injection = 150mVrms) 


cG 
19 


24 


24 


29 


- 


dB 


(1) Pulse Test: Pulse Width * 300 ms. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta <= 25X 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBTH81 


CASE 318-02/03, STYLE 6 
SOT-23 (TO-236AA/AB) 


UHF/VHF TRANSISTOR 


PNP SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
«C = 1.0 mAdc, lB = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc,Ie = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 MAdc,lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, Ie = o) 
'CBO 
— 
— 
100 
nAdc 


Emitter Cutoff Current 
(vBe = 2.0 vdc, ic = o) 
>EBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, VCe = 10 Vdc) 
hFE 
60 
— 
— 
— 


Collector-Emitter Saturation Voltage 
dc = 5.0 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
dC = 5.0 mAdc, Vce = 10 Vdc) 
VBE(on) 
— 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
600 
— 
— 
MHz 


Collector-Base Capacitance 
(Vcb = io vdc. iE = o, f = 1.0 mhz) 
Ccb 
— 
— 
0.85 
pF 


Collector-Emitter Capacitance 
Hb " o. Vcb = 10 Vdc, f = 1.0 mhz) 
cce 
— 
— 
0.65 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBV105G 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Reverse Voltage 
Vr 
30 
Vdc 


Forward Current 
If 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 10 MAdc) 
V(BR) 
30 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 28 Vdc) 
IR 
— 
— 
50 
nAdc 


Series Inductance 
(f = 250 MHz) 
is 
— 
3.0 
— 
nH 


Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc, f = 1.0 MHz) 
Tec 
— 
280 
— 
ppmfC 


Diode Capacitance 
(Vr = 25 Vdc) 
CT 
1.8 
— 
2.8 
pF 


Capacitance 
(Vri = 3.0 Vdc, VR2 = 25 Vdc, f = 1.0 MHz) 
C3/C25 
4.0 
— 
6.0 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Reverse Voltage 
Vr 
30 
Vdc 


Forward Current 
if 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta - 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
TStfl 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•c/w 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBV109 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 10 MAdc) 
V(BR) 
30 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 28 Vdc) 
IR 
— 
— 
0.1 
MAdc 


Series Inductance 
(f = 250 MHz) 
l-S 
— 
3.0 
— 
nH 


Case Capacitance 
(f = 1.0 MHz) 
cc 
— 
0.1 
— 
PF 


Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc.f = 1.0 MHz) 
Tec 
— 
280 
— 
ppm/°C 


Figure of Merit 
(Vr = 3.0 Vdc, f = 50 MHz) 
Q 
280 
— 
— 
— 


Diode Capacitance 
(Vr = 3.0 Vdc, f = 1.0 MHz) 
CT 
26 
— 
32 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBV2097 
thru 
MMBV2109 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


TUNING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Reverse Voltage 
Vr 
30 
Vdc 


Forward Current 
"F 
20 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tsta 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 10 MAdc) 
V(BR) 
30 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 
IR 
— 
— 
20 
nAdc 


Series Inductance 
(f = 250 MHz, Lead Length » 1/16") 
LS 
— 
3.0 
— 
nH 


Case Capacitance 
{f = 1.0 MHz, Lead Length - 1/16*) 
cc 
— 
0.15 
— 
pF 


Diode Capacitance Temperature Coefficient 
(Vr = 4.0 Vdc.f = 1.0 MHz) 
Tec 
— 
280 
400 
ppm/°C 


Ct, Diode Capacitance 
Q, Rgure of Merit 
TR, Tuning Ratio 
Vr = 4.0 Vdc, f = 1.0 MHz 
Vr = 4.0 Vdc 
C2/C30 
Marking 
Device 
PF 
f = 50 MHz 
f = 1.0 MHz 


MIn 
Nom 
Max 
Min 
Min 
Max 
Top 


MMBV-2101 
6.1 
6.8 
7.5 
450 
2.5 
3.3 
4G 


MMBV-2102 
7.3 
8.2 
9.0 
275 
2.6 
3.3 
4S 


MMBV-2103 
9.0 
10 
11 
400 
2.6 
3.3 
4H 


MMBV2104 
10.8 
12 
13.2 
275 
2.6 
3.3 
4T 


MMBV-2105 
13.5 
IS 
16.5 
275 
2.6 
3.3 
4U 


MMBV-2106 
16.2 
18 
19.8 
250 
2.7 
3.3 
4V 


MMBV-2107 
19.8 
22 
24.2 
200 
2.7 
3.3 
4W 


MMBV-2108 
24.3 
27 
29.7 
300 
2.7 
3.3 
4X 


MMBV-2109 
29.7 
33 
36.3 
200 
2.7 
3.3 
4J 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
30 
Vdc 


Forward Current 
if 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/T 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


'Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


MMBV3102 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 10 MAdc) 
V(BR) 
30 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 
IR 
— 
— 
0.1 
MAdc 


Series Inductance 
(f =• 250 MHz) 
LS 
— 
3.0 
— 
nH 


Case Capacitance 
(f = 1.0 MHz) 
cc 
— 
0.1 
— 
PF 


Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc, f = 1.0 MHz) 
Tec 
— 
280 
— 
ppm/°C 


Figure of Merit 
(Vr = 3.0 Vdc, f = 50 MHz) 
Q 
300 
— 
— 
— 


Diode Capacitance 
(Vr = 3.0 Vdc, f = 1.0 MHz) 
cT 
20 
— 
25 
pF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MMBV3401 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


SILICON PIN 
SWITCHING DIODE 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Reverse Vottage 
Vr 
35 
Vdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mWrc 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
3 
Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 10 MAdc) 
V(BR) 
35 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 
IR 
— 
— 
0.1 
MAdc 


Series Inductance 
(f = 250 MHz) 
LS 
— 
3.0 
— 
nH 


Series Resistance 
(lp = 10 mAdc) 
Rs 
— 
— 
0.7 
Ohms 


Case Capacitance 
(f = 1.0 MHz) 
cc 
— 
0.1 
— 
PF 


Diode Capacitance 
(Vr = 20 Vdc.f = 1.0 MHz) 
cT 
— 
— 
1.0 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation. Ta - 
25°C 
Derate above 25°C 
Pd 
350 
2.8 
mW 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
357 
•CAV 


•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Vp = 0.9 V Max @ lp = 10 mA for all types. 


MMBZ 
Marking 


5226 
8A 


5227 
8B 


5228 
8C 


5229 
8D 


5230 
8E 


5231 
8F 


5232 
8G 


5233 
8H 


5234 
8J 


5235 
8K 


5236 
8L 


5237 
8M 


5238 
8N 


5239 
8P 


5240 
8Q 


5241 
8R 


5242 
8S 


5243 
8T 


5244 
8U 


5245 
8V 


5246 
8W 


5247 
8X 


5248 
8Y 


5249 
8Z 


81A 


5251 
81B 


81C 


5253 
81D 


5254 
81E 


5255 
81F 


5256 
81G 


5257 
81H 


SMALL-SIGNAL DEVICES 


Test 
Current 


•ZT 
mA 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


2.0 


2.0 


2.0 


2.0 


Min 


3.1 


3.4 


3.7 


4.0 


4.4 


5.2 


5.6 


5.8 


6.4 


7.0 


7.7 


8.2 


8.5 


9.4 


10.4 


11.4 


13.2 


13.8 


15.3 


16.0 


16.8 


18.8 


20.8 


22.8 


25.1 


26.1 


28.0 


Zener Voltage 
Vz 


Nominal 


3.3 


3.6 


3.9 


4.3 


4.7 


5.1 


5.6 


6.0 


6.2 


6.8 


7.5 


8.2 


8.7 


9.1 


10 


13 


14 


15 


16 


17 


18 


24 


30 


33 


3-129 


Max 


3.5 


3.8 


4.1 


4.6 


5.0 


5.4 


6.0 


6.4 


6.6 


7.2 


7.9 


8.7 


9.2 


9.6 


10.6 


11.6 


12.7 


14.1 


14.8 


15.6 


17.1 


18.0 


19.1 


20.1 


21.2 


23.3 


25.6 


26.7 


28.9 


29.9 


32.0 


35.0 


MMBZS226 
thru 
MMBZ5257 


CASE 318-02/03, STYLE 8 
SOT-23 (TO-236AA/AB) 


ZENER DIODES 


Max Zener 
Impedance 
@'ZT 
a 


175 


145 


120 


100 


80 


60 


40 


25 


10 


15 


15 


15 


15 


15 


20 


20 


25 


30 


30 


30 


40 


45 


45 


50 


55 


55 


70 


75 


80 


80 


Max 
IR 
MA 


25 


15 


10 


0.7 


0.6 


0.5 


0.2 


0.1 


0.1 


0.1 


0.1 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


@ 
Vr 
v 


.95 


.95 


.95 


.95 


2.0 


2.0 


2.0 


3.3 


4.0 


4.0 


5.0 


5.0 


5.5 


6.0 


7.0 


8.0 


8.0 


8.0 


9.5 


10.5 


11.2 


11.9 


12.6 


13.3 


15.4 


16.8 


17.5 


18.9 


19.6 


21.0 


23.1 


MOTOROLA SEMICONDUCTORS 


MXR3866 


CASE 345-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
30 
V 
Collector-Base Voltage 
vCBO 
55 
V 
Emitter-Base Voltage 
Vebo 
3.5 
V 


Collector Current — Continuous 
ic 
0.4 
A 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
Pd 
1.0 
8.0 
Watt 
mW/°C 
Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 5.o mA, rBe = 10 n) 
V(BR)CER 
55 
- 
V 


Collector-Emitter Sustaining Voltage 
dC = 5.0 mA) 
VcEO(sus) 
30 
— 
V 


Collector-Base Breakdown Voltage 
dC = 0.1 mA) 
v(BR)CBO 
55 
— 
V 


Emitter-Base Breakdown Voltage 
dE = 0.1 mA) 
v(BR)EBO 
3.5 
— 
V 


Collector Cutoff Current 
(VCE = 28 V) 
'CEO 
— 
20 
ftA 


Collector Cutoff Current 
(Vce = 55 V, Vbe = i.5V) 
'CEX 
— 
100 
MA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.36 A, VCe = 5.0V) 
dC = 0.05 A, Vce = 5.0 V) 


hFE 
5.0 
10 
200 


— 


Collector-Emitter Saturation Voltage 
dc = 100 mA, Ib = 20 mA) 
VcE(sat) 
— 
1.0 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mA, Vce = 15 V, f = 200 MHz) 
fT 
500 
- 
MHz 
I 


Output Capacitance 
(VCB = 30V,f = 1.0 MHz) 
Cobo 
3.0 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
40 
V 


Collector-Base Voltage 
VCB0 
60 
V 


Emitter-Base Voltage 
VEBO 
4.0 
V 


Collector Current — Continuous 
ic 
0.4 
A 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/"C 


Storage Temperature 
Tsto 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta ° 25'C unless otherwisenoted.) 


Characteristic 


MXR5160 


CASE 345-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


PNP SIUCON 


Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 5.0 mA) 
VCEO(sus) 
40 
— 
V 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mA) 
V(BR)EBO 
4.0 
— 
V 


Collector Cutoff Current 
(VCB = 28 V) 
>CBO 
— 
1.0 
ma 


Collector Cutoff Current 
(Vce = 60 V) 
Ices 
— 
0.1 
mA 


Emitter Cutoff Current 
(Vce = 28 V) 
'CEO 
— 
20 
ftA 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 50 mA. Vce = 5.0 V) 
hFE 
10 
— 
— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mA, Vce = 15 V,f = 200 MHz) 
fT 
500 
— 
MHz 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MXR5583 


CASE 345-01, STYLE 1 
SOT-89 


HIGH FREQUENCY RF TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
30 
V 
Collector-Base Voltage 
VCBO 
30 
V 


Emitter-Base Voltage 
VEBO 
3.0 
V 


Collector Current — Continuous 
'C 
500 
mA 
Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, T^ = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 
Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwisenoted.) 
D 
Characteristic 
Symbol- 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mA) 
V(BR)CEO 
30 
- 
V 


Collector-Base Breakdown Voltaged) 
dc = 10 mA) 
V(BR)CBO 
30 
— 
V 


Emitter-Base Breakdown Voltage 
dE = 100 mA) 
v(BR)EBO 
3.0 
— 
V 


Collector Cutoff Current 
(VCb = 20 V) 
ICBO 
— 
50 
nA 


Emitter Cutoff Current 
(VEb = 2.0 V) 
>EBO 
— 
0.5 
MA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 40 mA VCe = 2.0 V) 
dc = 100 mA, Vce = 2.0 V) 
dC = 300 mA, VCe = 5.0 V) 


hFE 
20 
25 
15 
100 
:' 


Collector-Emitter Saturation Voltage 
(lC = 100 mA Ib = 10 mA) 
VcE(sat) 
— 
0.8 
V 


Base-Emitter On Voltage 
dc = 100 mA, Vce = 2.0 V) 
VBE(on) 
— 
1.8 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 40 mA, Vce = 10 V, f = 100 MHz) 
dC = 100 mA, Vce = 10 V, f = 100 MHz) 


fT 
1000 
1300 


- 


MHz 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
V 


Collector-Base Voltage 
VCBO 
40 
V 


Emitter-Base Voltage 
VEBO 
3.5 
V 


Collector Current — Continuous 
ic 
400 
mA 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•c/w 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MXR5943 


CASE 345-01, STYLE 1 
SOT-89 


RF TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mA) 
V(BR)CEO 
30 
- 
V 


Collector-Base Breakdown Voltage 
dc = 100 mA) 
V(BR)CBO 
40 
— 
V 


Emitter-Base Breakdown Voltage 
(IE = 100 mA) 
V(BR)EBO 
3.5 
— 
V 


Collector Cutoff Current 
(VCe = 20 V) 
'CEO 
— 
50 
MA 


Collector Cutoff Current 
(VCb = 15 V) 
'CBO 
— 
10 
ma 


ON CHARACTERISTICS 


DC Current Gain 
dC = 50 mA, Vce = 15 V) 
hFE 
25 
300 
- 


Collector-Emitter Saturation Voltage 
dC = 100 mA Ib = 10 mA) 
vCE(sat) 
— 
0.2 
V 


Base-Emitter Saturation Voltage 
dC = 100 mA, Ib = 10 mA) 
vBE(sat) 
— 
1.0 
V 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 25 mA, Vce = 15 V, f = 200 MHz) 
dC = 50 mA, Vce = 15 V, f = 200 MHz) 
dC = 100 mA. Vce = 15 V, f = 200 MHz) 


SMALL-SIGNAL DEVICES 
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1000 
1200 
1000 


MHz 


MOTOROLA SEMICONDUCTORS 


MXT3904 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
I 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltge 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


Refer to 2N3904 for graphs. 
ELECTRICALCHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Base Cutoff Current 
(Vce = 30 vdc, Veb = 3.0 vdc) 
>BL 
— 
50 
nAdc 


Collector Cutoff Current 
(Vce = 30 vdc, Veb = 3.o vdc) 
'CEX 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
hFE 


— 
dC = 0.1 mAdc. Vce = 10 Vdc) 
40 
— 
(lC = 1.0 mAdc. Vce = 10 Vdc) 
70 
— 
dC = 10 mAdc. Vce = 10 Vdc) 
100 
300 
dC = 50 mAdc, Vce = 10 Vdc) 
60 
— 
(lc = 100 mAdc, Vce = 10 Vdc) 
30 
— 


Collector-Emitter Saturation Voltaged) 
VCE(sat) 
Vdc 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
— 
0.2 
dC =• 50 mAdc, Ib - 5.0 mAdc) 
— 
0.3 


Base-Emitter Saturation Voltaged) 
VBE(sat) 
Vdc 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
0.65 
0.85 
dc - 50 mAdc, Ib - 5.0 mAdc) 
— 
0.S5 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc,f = 100 MHz) 
fT 
300 
— 
MHz 


Output Capacitance 
(vCb = 5.o vdc, ie = o, f = i.o mhz) 
Cobo 
— 
4.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = I.O MHz) 
Cibo 
— 
8.0 
pF 


Input Impedance 
(IC = 1.0 mAdc. Vce = 10 Vdc,f = 1.0 kHz) 
hie 
1.0 
10 
kohms 


Voltage Feedback Ratio 
(lC= 1.0mAdc,Vce = 10 Vdc, f = 1.0 kHz) 
hre 
0.5 
8.0 
X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, VCe = 10 Vdc.f = 1.0 kHz) 
hfe 
100 
400 
— 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


3-134 


MXT3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


Output Admittance 
dC = 1.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hoe 
1.0 
40 
Mmhos 


Noise Figure 
| 
dc = 100 MAdc, Vce = 5.0 Vdc, Rs = 1.0 kohms, f = 10 Hz to15.7 kHz) 


NF 
— 
5.0 
dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 3.o vdc, Vbe = 0.5 vdc, 
lC = 10 mAdc, Ibi =1-0 mAdc) 
td 
— 
35 
ns 


Rise Time 
tr 
— 
35 
ns 


Storage Time 
(Vcc " 3.0 Vdc, lc = 10 mAdc, 
IBI = 'B2 = 10 mAdc) 
ts 
— 
200 
ns 


Fail Time 
tf 
- 
50 
ns 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES 
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MXT3906 


CASE 345-01, STYLE 1 
SOT-89 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsto 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to 2N3305 for graphs. 


ELECTRICAL CHARACTERISTICS (TA 
25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CB0 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, IC = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Base Cutoff Current 
(vCe = 30 vdc, vBe = 3.0 vdc) 
•bl 
— 
50 
nAdc 


Collector Cutoff Current 
(vCe = 30 vdc, vBe = 3.o vdc) 
>CEX 
— 
50 
nAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
dC = 1.0 mAdc, Vce = 1° Vdc) 
dC = 10 mAdc, Vce = 1° Vdc) 
dC = 50 mAdc, Vce = 1° Vdc) 
dC = 100 mAdc, Vce = 10 Vdc) 


hFE 
60 
80 
100 
60 
30 


300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.25 
0.4 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.65 
0.85 
0.95 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
250 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
C0do 
— 
4.5 
PF 


Input Capacitance 
(Vbe = 0-5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
10.0 
pF 


Input Impedance 
dC = 1-0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hie 
2.0 
12 
kohms 


Voltage Feedback Ratio 
dC = 1.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hre 
0.1 
10 
X10-" 


Small Signal Current Gain 
(lc = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
100 
400 
— 


MOTOROLA SEMICONDUCTORS 
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MXT3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'C unless otherwise noted.) 


Characteristic 


Output Admittance 
(IC = 1-0mAdc,VcE = 10 Vdc- f ° LO kHz) 


Noise Figure 
(lC = 100MAdc. Vce ° 5.0Vdc, Rs ° 1.0kohm,f = 10Hz to 15.7 kHz) 


SWITCHING CHARACTERISTICS 


Symbol 


NF 


Min 
Max 
UnH 


3.0 
60 
Mmhos 


4.0 
dB 


Delay Time 
(Vcc = 3.0 Vdc,Vbe = 0.5 Vdc 
lC = 10 mAdc, Ibi = 1.0 mAdc) 
td 


— 
35 
ns 


Rise Time 
tr 
- 
35 
ns 


Storage Time 
(Vcc = 3.0 Vdc, lc = 10 mAdc, 
IBI = 'B2 = 1-0 mAdc) 


ts 
— 
225 
ns 


Fall Time 
tf 
— 
75 
ns 


(1) Pulse Width «; 300 ms. Duty Cycle <s 2.0%. 


SMALL-SIGNAL DEVICES 
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MXTA14 


CASE 345-01, STYLE 1 
SOT-89 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Refer to 2N6426 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
V 


Collector-Emitter Voltage 
VCES 
30 
V 


Emitter-Base Voltage 
VEBO 
10 
V 


Collector Current — Continuous 
ic 
300 
mV 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/X 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
°C/W 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 100 mA) 
V(BR)CES 
30 
— 
V 


Collector Cutoff Current 
(VCB = 30) 
*CBO 
— 
100 
nA 


Emitter Cutoff Current 
(VBE = 10 V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gaind) 
dc = 10 mA, Vce = 5.o v) 
dc = 100 mA, Vce = 5.0 V) 


hFE 
10 K 
20 K 


- 


— 


Collector-Emitter Saturation Voltaged) 
dC = 100 mA, Ib = 0.1 mA) 
VCE(sat) 
— 
1.5 
V 


Base-Emitter On Voltage 
dc = 100 mA, Vce = 5.0 V) 
VBE(on) 
— 
2.0 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 5.0 V. lc = 10 mA f = 100 MHz) 
fT 
125 
— 
MHz 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle * 2.0 %. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCES 
60 
V 


Emitter-Base Voltage 
VEBO 
10 
V 


Collector Current — Continuous 
ic 
500 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/T 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


MXTA27 


CASE 345-01, STYLE 1 
SOT-89 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Refer to MPSA25 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 mA) 
V(BR)CES 
60 
— 
V 


Collector-Base Breakdown Voltage 
(lC - 100 mA) 
V(BR)CBO 
60 
— 
V 


Collector Cutoff Current 
(Vcb = 50 V) 
•CBO 
— 
100 
nA 


Collector Cutoff Current 
(VCe = 50 V) 
ices 
— 
500 
nA 


Emitter Cutoff Current 
(VBE = 10 V) 
>EBO 
— 
100 
nA 


ON CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 mA. Ib = 0.1 A) 
VCES 
— 
1.5 
V 


Base-Emitter On Voltage 
dc = 100 mA, Vce =• 5.0 V) 
VBE(on) 
— 
2.0 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mA, Vce = 5.0 V) 
dc = 100 mA, Vce ° 5.0 V) 


fT 
10 K 
10 K 


- 


—— 


Current Gain — High Frequency 
dc = 10 mA, Vce = 5.0 V, f = 100 MHz) 
Ihfel 
1.25 
— 
— 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MXTA42 
MXTA43 


CASE 345-01, STYLE 1 
SOT-89 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


Refer to MPSA42 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
MPSA42 
MPSA43 
UnH 


Collector-Emitter Voltage 
VCEO 
300 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
200 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
MXTA42 
MXTA43 


V(BR)CEO 
300 
200 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC «• 100 MAdc, Ie = 0) 
MXTA42 
MXTA43 


V(BR)CBO 
300 
200 


- 
Vdc 


Emitter-Base Breakdown Voltage 
dE «• 100 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb c 200 Vdc, l£ = 0) 
MXTA42 
(Vcb = 160 Vdc, Ie = 0) 
MXTA43 


>CBO 


- 
0.1 
0.1 


MAdc 


Emitter Cutoff Current 
(VBe = 6.0 Vdc, lc = 0) 
MXTA42 
(Vbe = 4.0 Vdc, lc = 0) 
MXTA43 


>EBO 


- 
0.1 
0.1 


MAdc 


ON CHARACTERiSTICSd) 


DC Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc) 
Both Types 
dC = 10 mAdc, Vce = 10 Vdc) 
Both Types 


(lC = 30 mAdc, Vce = 10 Vdc) 
MXTA42 
MXTA43 


hFE 
25 
40 


40 
40 


— 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Is = 2.0 mAdc) 
MXTA42 
MXTA43 


VcE(sat) 


- 
0.5 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
(lC ° 20 mAdc, Ib - 2.0 mAdc) 
vBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
50 
— 
MHz 


Collector-Base Capacitance 
(VCb " 20 Vdc, l£ = 0, f = 1.0 MHz) 
MXTA42 
MXTA43 


Ccb 


- 
3.0 
4.0 


pF 


(1) Pulse Test: Pulse Width <s 300 ms, Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
400 
V 


Collector-Base Voltage 
VCBO 
500 
V 


Emitter-Base Voltage 
vEBO 
6.0 
V 


Collector Current — Continuous 
"C 
300 
mA 
. 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
•Total Device Dissipation, Ta = 25°C 
Derate above 25'C 
Pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•aw 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MXTA44 


CASE 345-01, STYLE 1 
SOT-89 


HIGH VOLTAGE TRANSISTOR 


NPN SIUCON 


Refer to MPSA44 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mA, Ib = 0) 
V(BR)CEO 
400 
- 
V 


Collector-Emitter Breakdown Voltage 
dc = 100 ma, vBe = o) 
V(BR)CES 
500 
— 
V 


Collector-Base Breakdown Voltage 
dc = 100 mA, Ib = 0) 
V(BR)CB0 
500 
— 
V 


Emitter-Base Breakdown Voltage 
(lE = 10 mA, ic = 0) 
V(BR)EBO 
6.0 
— 
V 


ON CHARACTERISTICS 


DC Current Gaind) 
dc = 1.0 mA, Vce = 10) 
dc = 10 mA, Vce = io) 
dc = 50 mA Vce = io) 
dc = 100 mA, Vce = io) 


hFE 
40 
50 
45 
40 


200 


Collector-Emitter Saturation Voltaged) 
dC = 1.0 mA, Ib = 0.1 mA) 
dC = 10 mA, Ib = 1.0 mA) 
dc = 50 mA, Ib = 5.0 mA) 


VCE(sat) 


- 


0.4 
0.5 
0.75 


V 


Base-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 
vBE(sat) 
— 
0.75 
V 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 20 v, Ie = o, f = 1.0 mhz) 
Cobo 
- 
6.0 
PF 


Input Capacitance 
(vEb = 0.5 v, ic = o, f = i.o mhz) 
Cibo 
— 
110 
PF 


Current Gain — High Frequency 
dC = 10 mA, Vce = 10 V, f = 10 MHz) 
Ihfel 
2.0 
— 
— 


(1) Pulse Test: Pulse Width * 300 ms. Duty Cycle « 2.0 %. 
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MXTA64 


CASE 345-01, STYLE 1 
SOT-89 


DARLINGTON TRANSISTOR 


PNP SIUCON '- 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCES 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VebO 
10 
Vdc 


Collector Current — Continuous 
"C 
300 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pd 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
°C 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICALCHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC ° 100mA) 


Collector Cutoff Current 
(VCB ° 30 Vdc) 


Emitter Cutoff Current 
(vBE ° io Vdc> 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 10 mA.VCE = 5.0Vdcl(l) 
dC = 100 mA,Vce " 5.0 Vdc)(1) 


Collector-Emitter Saturation Voltage 
(lC° 100mA,Ib = 01 mA)(1) 


Base-Emitter On Voltage 
(IC ° 100mA,Vce = S.0Vdc)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCE " 50 Vl>c' 'C ° 100mA,f = 100MHz) 
(1) Pulse Width * 300 ms. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CES 


'CBO 


>EBO 


hFE 


VcE(sat) 


VBE(on) 
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Min 


30 


10000 
20000 


125 


Max 


100 


100 


1.5 


2.0 


UnH 


Vdc 


nA 


nAc 


Vdc 


Vdc 


MHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcES 
60 
V 


Emitter-Base Voltage 
Vebo 
10 
V 


Collector Current — Continuous 
ic 
300 
mA 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 
•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
pD 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tstq 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
°CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 


ELECTRICAL CHARACTERISTICS(Ta ° 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MXTA77 


CASE 345-01, STYLE 1 
SOT-89 


DARLINGTON TRANSISTOR 


PNP SIUCON 


Refer to MPSA75 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
(lC = 100 mA) 
V(BR)CES 
60 
- 
V 


Collector-Base Breakdown Voltage 
dc = 100 mA) 
V(BR)CBO 
60 
— 
V 


Collector Cutoff Current 
(VCb = 50 V) 
>CB0 
— 
100 
nA 


Collector Cutoff Current 
(Vce = 50 V) 
Ices 
— 
500 
nA 


Emitter Cutoff Current 
(VBe = 10 V) 
•ebo 
— 
100 
nA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 10 mA, VCe = 5.0 V) 
dc = 100 mA, Vce = 5.0 V) 


hFE 
10 K 
10 K 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mA, Ib = 0.1 mA) 
VCE(sat) 
— 
1.5 
V 


Base-Emitter On Voltage 
dc = 100 mA, Vce = 5.0 V) 
vBE(on) 
— 
2.0 
V 


Current Gain — High Frequency 
dC = 10 mA, Vce = 5.0 V, f = 100 MHz) 
Ihfel 
1.25 
— 
— 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


3-143 


MXTA92 
MXTA93 


CASE 345-01, STYLE 1 
SOT-89 


HIGH VOLTAGE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MPS-A92 MPS-A9:1 
UnH 


Collector-Emitter Voltage 
VCEO 
300 
200 
Vdc 


Collector-Base Voltage 
VCBO 
300 
200 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


•Total Device Dissipation, Ta = 25°C 
Derate above 25°C 
PD 
1.0 
8.0 
Watt 
mW/°C 


Storage Temperature 
Tsta 
150 
•c 


•Thermal Resistance Junction to Ambient 
RflJA 
125 
•CAV 


•Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to MPSA92 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 
UnH 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 1.0 mAdc, Ib = 0) 
% 
MXTA92 
MXTA93 


V(BR)CEO 
300 
200 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lc = 100MAdc, l£ = 0) 
MXTA92 
MXTA93 


V(BR)CBO 
300 
200 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200Vdc, l£ = 0) 
MXTA92 
(Vcb = 160Vdc, Ie = 0) 
MXTA93 


>CBO 


- 
0.25 
0.25 


MAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
<EBO 
— 
0.1 
MAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc) 
(lc = 10 mAdc, Vce = 10 Vdc) 


dC = 30 mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(lc = 20 mAdc,Ib = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC= 10 mAdc, Vce = 20 Vdc, f = 100MHz) 


Collector-Base Capacitance 
(Vcb = 20 vdc, Ie = o, f = 1.0 mhz) 


(1)Pulse Test: Pulse Width * 300 ms. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


Both Types 
Both Types 


MXTA92 
MXTA93 


MXTA92 
MXTA93 


MXTA92 
MXTA93 


3-144 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


25 
40 


150 


0.5 
0.5 


6.0 
8.0 


Vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


CASE 27-02 
TO-52 
CASE 79-02 
TO-39 


Motorola's metal-can transistor product offering includes: 
general purpose, switching, highvoltage, choppers, Darlingtons, 
lownoise amplifiers and RF amplifiers. 
Avarietyof package options are available:TO-18, TO-46, TO- 
52, TO-72, and TO-39. 
Many devices contained in this section are also available with 
highreliability MIL-S-19500 processing.JAN, JANTX,JANTXV, 
andJANS qualified devices are so noted on the following data 
sheets. 
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Metal 
Transistors 


2N656 
2N657 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N656 
2N657 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
100 
Vdc 


Collector-Base Voltage 
VCBO 
60 
100 
Vdc 


Emitter-Base Voltage 
vEbo 
8.0 
Vdc 


Collector Current — Continuous 
2N656 
2N657 


ic 
1.0 
0.5 


Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
5.7 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
4.0 
22.8 
Watts 
mW/»C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC= 250MAdc. Ib = 0) 
2N656 
2N657 


V(BR)CEO 
60 
100 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100MAdc. l£ = 0) 
2N656 
2N657 


V(BR)CBO 
60 
100 


— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 250 MAdc, lc = 0) 
V(BR)EBO 
8.0 
— 
Vdc 


Collector Cutoff Current 
(vCb = so vdc, ie = o) 
ICBO 
— 
10 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 200 mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltaged) 
dC ° 200mAdc, Ib = 40 mAdc) 


SMALL-StGNAL CHARACTERISTICS 


Input Impedanced) 
(IB » 8.0 mAdc,Vce ° 10 Vdc) 
(1) Pulse Test: Pulse Length = 300 ms, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
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hFE 
30 
90 


VCE(sat) 
4.0 
Vdc 


0.5 
k ohm 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Cof/ector-Emitter Voltage 
VCER 
40 
Vdc 
Collector-BaseVoltage 
VCBO 
60 
Vdc 
Emitter-BaseVoltage 
vebo 
5.0 
Vdc 
Total Device Dissipation @Ta = 25°C 
Derate above 25'C 
Pd 
0.6 
4.0 
Watt 
mW/"C 
Tot8l Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
2.0 
13.3 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA =25°C unless otherwise noted.) 


Characteristic 
OFFCHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) 
dC " 100mAdc, Rbe = 10ohms) 
Collector-Base Breakdown Voltage 
dC " 100 ftAdc, If = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc,lc = 0) 


Collector Cutoff Current 
(Vcb = 30 vdc, ig = o) 
(Vcb ° 30vdc, Ie •= o,ta ° isox) 


ON CHARACTERISTICS 


DCCurrent Gain(1) 
dc ° 150mAdc,Vce = 10Vdc) 
Collector-Emitter Saturation Voltaged) 
dC ° ISO mAdc, Ir = 15 mAdc) 
Base-Emitter Saturation Voltaged) 
dC ° 150mAdc, Ib = 15mAdc) 


SMALL-SIGNALCHARACTERISTICS 
Output Capacitance 
(VCB = 10Vdc, lE = 0) 
Small-Signal Current Gain 
dC •» 50 mAdc, VCe ° 10Vdc, f •= 20MHz) 
(1) Pulse Test: Pulse Length « 12 ms, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
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2N697 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Referto 2N2218for graphs. 


Symbol 
Min 


V(BR)CER 
40 


v(BR)CBO 
60 


v(BR)EBO 
5.0 


(CBO 


hFE 
40 


VCE(sat) 


vBE(sat) 


Cobo 


hfe 
2.5 


Max 


1.0 
100 


120 


1.5 


1.3 


35 


UnH 


Vdc 


Vdc 


Vdc 


MAdc 


Vdc 


Vdc 


PF 


MHz 


MOTOROLA SEMICONDUCTORS 


• 


2N699 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA - 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltage(1) 
(|c = 100 mAdc, Rbe ^ 1°ohms) 


Collector Cutoff Current 
(Vcb= 60Vdc, Ie = 0) 
(VCB = 60Vdc, Ie = 0,Ta ° 150°C) 


Emitter Cutoff Current 
(Veb = 20 vdc-'c = Q) 
ON CHARACTERISTICS 


DC Current Gain (1) 
(IC = 150 mAdc, Vce ° 1°Vdc> 
Collector-Emitter SaturationVoltage (1) 
dC = ISO mAdc, Ib = 15mAdc) 
Base-Emitter Saturation Voltage(1) 
(Ir. = 150mAdc, Ib = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 50mAdc, Vce = 10Vllc'f 


Output Capacitance 
(Vcb ° 1°Vdc. Ie = Q'f = 1C0 kHz) 
Input Impedance 
(IC = 1.0 mAdc, VCB = 5-0 Vdc f = 1-0 kHz) 
(IC = 5.0 mAdc, Vcb - 10 Vdc f - 10 kHz) 


Voltage Feedback Ratio 
(|C = 1.0 mAdc, VCB = 5.0 Vdc, f = 1.0 kHz) 
(lC = 5.0 mAdc, Vcb - 10 Vdc. i " 10 *hZ) 
Small Signal Current Gain 
(|C = 1.0 mAdc, VCE = 5.0 Vdc, f = 1-0 kHz) 
(|C = 5.0 mAdc, VcE - 10 VdC f = 10 KHz) 


Output Admittance 
(lC = 1.0 mAdc, VCB - 50Vdc, f = 1.0 kHz) 
(Ir = 5.0mAdc, VCB = 10vdC f - 1-0 m»> 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 
Total DeviceDissipation @ Ta = 25°C 
Derate above 25°C 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Temperature 
TemperatureRange 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance. Junction to Case 
Thermal Resistance, Junction to Ambient 


(1) Pulse Test: Pulse Width <s 300 ms. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
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Symbol 


VCER 


VCBO 


VEBO 


pd 


PD 


Tj. Tstg 


Symbol 


RflJC 


RflJA 


Value 


80 


120 


5.0 


0.6 
4.0 


2.0 
13.3 


-65 to +200 


Max 


75 


250 


UnH 


Vdc 


Vdc 


Vdc 


Wan 
mW/°C 


Watts 
mW/X 


UnH 


•CAV 


•CAV 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
25 
Vdc 
Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
300 
2.0 
mW 
mW/°C 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25"C 
pd 
600 
4.0 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
tJ. Tstg 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


2N703 


JAN AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Refer to 2N2368 for graphs. 


Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 
v(BR)CEO 
25 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
Oc = 5.0 MAdc, Ie = 0) 
V(BR)CBO 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, IC = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(vCe = 20 vdc, iB = o> 
'CEO 
— 
— 
10 
MAdc 


Collector Cutoff Current 
(Vcb = 10 vdc, Ie = o) 
(Vcb = io vdc, iE = o, Ta = + i50°o 


>CBO 


- 
- 
0.5 
50 


MAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC •= 10 mAdc, Vce = 5.0 Vdc) 
dC " 10 mAdc, Vce = 5.0 Vdc,Ta = -55°C) 


hFE 
40 
20 


- 
100 


— 


Collector-Emitter Saturation Voltaged) 
(lC = 10 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter On Voltaged) 
dC = 10 mAdc, VCe = 5.0 Vdc) 
vBE(6n) 
0.7 
— 
0.95 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dE = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
70 
150 
- 
MHz 


Output Capacitance 
(vCb = 5.o vdc, Ie = o, f = 1.0 mhz) 
Cobo 
— 
3.0 
6.0 
pF 


(1)Pulse Test: Pulse Width « 300 ms.Duty Cycle = 2.0% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N706,A,B 


(2N706 JAN AVAILABLE) 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Refer to 2N2368 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
2N706A.B 
VCEO 
15 
Vdc 


Collector-Emitter Voltaged) 
VCER 
20 
Volts 


Collector-Base Voltage 
VCBO 
25 
Volts 


Emitter-Base Voltage 
2N706 
2N706A 
2N706B 


VEBO 
3.0 
5.0 
5.0 


Volts 


Collector Current 
2N706AB 
ic 
50 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.3 
2.0 
Watt 
mW/°C 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
pd 
1.0 
6.67 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 
pd 
0.5 
Watt 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
Rajc 
150 
•CAV 


Thermal Resistance, Junction to Ambient 
2N706A.B 
RflJA 
500 
•CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Emitter Breakdown Voltage(2) 
(R = 10 ohms, lc = 10 mAdc) 
V(BR)CER 
20 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 vdc, Ie = oi 
(Vcb = 15 Vdc, Ie = O,Ta = 150°C) 
(Vcb = 25Vdc, l£ = 0) 
2N706A, 2N706B 


'CBO 


- 


0.5 
30 
10 


MAdc 


Collector Cutoff Current 
(Vce ° 20Vdc, Rbe = 100k) 
2N706A, 2N706B 
'CER 
— 
10 
MAdc 


Emitter Cutoff Current 
(VEb ° 30 Vdc, lc = 0) 
2N706 
(Veb = 5-0 Vdc, lc = 0) 
2N706A, 2N706B 


>EBO 


- 
10 
10 


MAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10 mAdc, Vce 
1.0 Vdc) 


Collector-Emitter Saturation Voltage(2) 
dC = 10 mAdc,Ib = 1-0mAdc) 


Base-Emitter Saturation Voltage(2) 
(lC ° 10 mAdc, Ib = 1.0mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCe = IS Vdc,Ie = 10 mAdc, f = 100MHz) 


Output Capacitance 
(Vcb = 5.0 vdc, Ie = o) 
(Vcb = 10vdc, ie = o) 


2N706 
2N706A, 2N706B 


2N706, 2N706A 
2N706B 


2N706 
2N706A, 2N706B 


2N706A, 2N706B 
2N706 


Magnitudeof ForwardCurrentTransferRatio,Common-Emitter 
(Vce = 15Vdc, Ie = 10mAdc, f = 100Mhz) 
2N706 
(Vce = 10Vdc, Ie ° 10mAdc. f = 100 MHz) 
2N706A.B 


MOTOROLA SEMICONDUCTORS 
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hFE 


VCE(sat) 


VBE(sat) 


Cobo 


Ihfe 


20 
20 


0.7 


200 


2.0 
2.0 


60 


0.6 
0.4 


0.9 
0.9 


5.0 
6.0 


Vdc 


Vdc 


MHz 


PF 


SMALL-SIGNAL DEVICES 


2N706,A,B 


ELECTRICAL CHARACTERISTICS (continued)(TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Collector Base Time Constant 
(Vce = 15 Vdc, lE = 10 mAdc, f = 300 MHz) 
'b 
50 
ohms 


Storage Time 
2N706B 
ts 


— 
25 
ns 


Turn-On Time 
dfll = 3.0 mA, Ib2 = 1.0 mA) 
'on 
— 
40 
ns 


Turn-Off Time 
dBI = 3.0 mA, Iq2 = 1-0 mA) 
toff 
— 
75 
ns 


Charge Storage Time Constant(2) 
2N706 
2N706A.B 


Ts 


- 
60 
25 


ns 


(1) Refersto collector breakdownvoltage in the highcurrentregion when Rbe 
(2) Pulse Test: Pulse Width <s 12 ms. Duty Cycle < 2.0%. 
(3) SwitchingTimes Measuredwith TektronixType R Plug-In (50O Internal Impedance). 


SWITCHING TIME TEST CIRCUIT 


Trpe R Samptinf Resistoi 
?0n 


Pulse Volts 
Internal Resistance 
+ ", 
, 
20OO 


SMALL-SIGNAL DEVICES 


10 n 


STORAGETIME TEST CIRCUIT 


Type RSimpimi Resistor 
20ft 


Pulse Volts 
Inlemtl Resistince 
sonN^ 
350 
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MEASUREMENT CIRCUIT 


MOTOROLA SEMICONDUCTORS 


2N708 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Emitter Voltage 
VCER 
20 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
limited by Pp only 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
360 
2.1 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 
Derate above 100°C 


pd 
1.2 
680 
6.9 
6.9 


Watts 
mW 
mW/°C 
mW/°C 


Operating and Storage Junction 
Temperature Range 
tJ. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
Rfljc 
145 
"CAV 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 30 mAdc, Rbe * 10 ohms) 
VCER(sus) 
20 
— 
Vdc 


Collector-Emitter Sustaining Voltage 
dc = 30 mAdc, Ib = 0) 
VcEO(sus) 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 1-0 MAdc, Ie - 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


CollectorCutoffCurrent 
(Vce = 20 Vdc,Vbe = 0.25 Vdc,Ta = +125°C) 
'CEX 
— 
10 
MAdc 


Collector Cutoff Current 
(Vcb = 20 Vdc, l£ = 0) 
(Vcb = 20 Vdc, lc = 0, TA = 150»C) 
>CBO 
0.025 
15 
MAdc 


Emitter Cutoff Current 
(Vbe = 4-° Vdc, lc = 0) 
<EBO 
- 
0.08 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.5 mAdc, Vce = 1-0Vdc) 
dC = 10 mAdc, Vce = 10Vdc)(1) 
(lC = 10 mAdc, VCe = 1-0Vdc,Ta = -55°C)(1) 


hFE 
15 
30 
15 
120 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 10 mAdc) 
dC = 7.0 mAdc, Ib = 0.7 mAdc,Ta = -55°C to +125X) 


VCE(sat) 


- 
0.4 
0.4 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
(lC = 7.0 mAdc,Ib = 0.7 mAdc,Ta = -55°C) 


VBE(sat) 
0.72 
0.80 
0.90 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
300 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc,Ie = 0,100 kHz * f « 1.0 MHz) 
Cobo 
— 
6.0 
pF 


Extrinsic Base Resistance 
dC = 10 mAdc,Vce = 10 Vdc,f = 300 MHz) 
fb' 
— 
50 
ohms 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = 'B1 = >B2 = 1° mAdc) 
ts 
— 
25 
ns 


Turn-On Time 
ton 
- 
40 
ns 


Turn-Off Time 
toff 
— 
70 
ns 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltaged) 
VCER 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
pd 
0.4 
2.66 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above25 C 
pd 
1.5 
10 
Watts 
mW/°C 


Total Device Dissipation @Tc = 100°C 
pd 
0.75 
Watt 


Operating and Storage Junction 
Temperature Range 
Tj, T8tg 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


2N718 


CASE 22,STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Refer to 2N2218 for graphs. 


Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dc - 100 mAdc, pulsed; Rb « 10 Ohms) 
VCER(sus) 
40 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mA, lc = 0) 
V(BR)EBO 
5 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
(Vcb = 30 vdc, iE = o, ta = 150T) 


'CBO 


- 
1.0 
100 


MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 150 mAdc, Vce = 10 Vdc) 
hFE 
40 
120 
- 


Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 Vdc, f = 100 kHz, lE = 0) 
Cobo 
- 
35 
PF 


Input Capacitance 
(VBe = 0.5 V, f = 100 kHz, lC = 0) 
Cibo 
— 
80 
PF 


Small-Signal Current Gain 
dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
hfe 
2.5 
— 
— 


(1) Pulse Test: PW < 300 ms. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N718A 
2N956. 2N1711 


2N718A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N718A 
2N9S6 
2N1711 
UnH 


Collector-Emitter Voltage 
VCER 
50 
Vdc 


Collector-Base Voltage 
VCBO 
75 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25*C 
pd 
500 
2.86 
800 
4.57 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.8 
10.3 
3.0 
17.15 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


2N718A: See 2N3019 for graphs.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 mAdc, pulsed: Rbe * 10 ohms) 
VCER(sus) 
50 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
V(BR)CBO 
75 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
v(BR)EBO 
7.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 vdc, ie = o) 
(Vcb = 60 vdc, Ie = o, ta = i5o°o 


'CBO 


- 
0.001 
0.01 
10 


MAdc 


Emitter Cutoff Current 
(VB£ = 5.0 Vdc,lc = 0) 
2N718A, 
2N956, 2N1711 


>EBO 


- 
- 
0.010 
0.005 


MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 0.01mAdc,Vce = 10 Vdc) 
2N956, 2N1711 


(lC= 0.1 mAdc, Vce = 10 Vdc) 
2N718A, 
2N956, 2N1711 


(lC = 10 mAdc,Vce = 10 Vdc) 
2N718A, 
2N956, 2N1711 


(lC = 10 mAdc,Vce = 10 Vdc, TA = -55°C) 
2N718A, 
2N956, 2N1711 


dC = 150mAdc,Vce = 10 Vdc) 
2N718A, 
2N956, 2N1711 


dC = 500 mAdc, Vce = 10Vdc) 
2N718A, 
2N956, 2N1711 


hFE 
20 


20 
35 


35 
75 


20 
35 


40 
100 


20 
40 


- 


120 
300 


Collector-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
VcE(sat) 
— 
0.24 
1.5 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
vBE(sat) 
— 
1.0 
1.3 
Vdc 


(1) Pulse Test: Pulse Width =s300 ms. Duty Cycle <s 2.0%. 
•2N956 and 2N1711: See 2N3019 for graphs. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N718A, 2NS56, 2N1711 


ELECTRICAL CHARACTERISTICS (continued) (TA 


Characteristic 


SMALL-SIGNAL CHARACTERISTICS 


25°C unless otherwise noted.) 


Symbol 
Min 
Typ 
Max 
UnH 


Current-Gain — Bandwidth Product 
, 
(lC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
2N718A, 
2N956, 2N1711 


fT 
60 
70 
300 
300 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
Cobo 
— 
4.0 
25 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 
— 
20 
80 
PF 


Input Impedance 
OC = 10 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


hjD 
24 
4.0 


- 
34 
8.0 


ohms 


Voltage Feedback Ratio 
(lC = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
2N718A, 
2N956, 2N1711 


(lC = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 
2N718A, 
2NS56, 2N1711 


hrb 


- 
- 


3.0 
5.0 


3.0 
5.0 


X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
2N718A, 
2N956, 2N1711 


dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N718A, 
2N956, 2N1711 


hfe 
30 
50 


35 
70 


- 


100 
200 


150 
300 


Output Admittance 
dC = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
(lC = 5.0 mAdc, VCb = 10 Vdc, f = 1.0 kHz) 


hob 
0.05 
0.05 


- 
0.5 
0.5 


Mmhos 


Noise Figure 
dC = 300 MAdc, VCe = 10 Vdc, f = 1.0 kHz) 
2N718A, 
| 
2N956,2N1711 


NF 


- 
- 
12 
8.0 


dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N720A 


CASE 22,STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
80 
Vdc 


Collector-Emitter Voltage 
VCER 
100 
Vdc 


Collector-Base Voltage 
VCBO 
120 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
0.5 
2.86 
Watt 
mW/°C 


Total Device Dissipation @ Trj = 25°C 
Derate above 25°C 
pd 
1.8 
10.3 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
Rfljc 
97 
•CAV 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 100 mAdc, Rbe * 10 ohms) 
VCER(sus) 
100 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dc = 30 mAdc, Ib = 0) 
VcEO(sus) 
80 
—- 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 MAdc, Ie = 0) 
V(BR)CBO 
120 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 90 Vdc, Ie = 0) 
(Vcb = 30 vdc, Ie = o, ta = i50°o 
<CBO 
.010 
15 
MAdc 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc, lc = 0) 
>EBO 
- 
.010 
MAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 0.1 mAdc, Vce = 1° Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc)(1) 
(lC = 10 mAdc, Vce = 10 Vdc, Ta = -55X) 
(lC = 150mAdc, Vce ° 10VdcKD 


Collector-Emitter Saturation Voltaged) 
dc = 50 mAdc, Ib = 5.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 


Base-EmitterSaturation Voltaged) 
dc = 50 mAdc, Ib = 5.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


hFE 


VCE(sat) 


VBE(sat) 


20 
35 
20 
40 
120 


1.2 
5.0 


0.9 
1.3 


Vdc 


Vdc 


Current-Gain— Bandwidth Product 
dc = 50 mAdc,Vce = 1° Vdc,f = 20 MHz) 
fT 
50 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
Cobo 
— 
15 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
85 
pF 


Input Impedance 
dc = LOmAdc, Vcb = 5.0 Vdc,f = 1.0 kHz) 
dC = 5.0 mAdc,Vcb = 10 Vdc,f = 1.0 kHz) 
hjD 
20 
4.0 
30 
8.0 
Ohms 


Voltage Feedback Ratio 
dc = 1-0 mAdc, Vcb = 5.0 Vdc,f = 1.0 kHz) 
dC = 5.0 mAdc, Vcb = 10 Vdc,f = 1.0 kHz) 
hrb 
— 
1.25 
1.50 
X10-4 


Small-Signal Current Gain 
dc = 1-0mAdc, Vce = 5.0 Vdc,f = 1.0 kHz) 
(lC = 5.0 mAdc, Vce = 10 Vdc,f = 1.0 kHz) 
hfe 
30 
45 
100 
— 


Output Admittance 
dc = 1-0mAdc, Vcb = 5.0 Vdc,f = 1.0 kHz) 
(lC = 5.0 mAdc, VCB = 10 Vdc, f = 1.0 kHz) 
hob 
— 
0.5 
0.5 
Mmhos 


(1) Pulse Test: Pulse Width =s300 ms. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Emitter Voltage 
VcES 
30 
Vdc 


Cof/ector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous Peak 
"C 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
0.3 
2.0 
Watt 
mW/°C 
Total Device Dissipation @ Tc " 25°C 
Derate above 25 C 
pd 
1.0 
6.67 
Watts 
mW/°C 


Total Device Dissipation @Tq = 100°C 
Derate above 100°C 
pd 
0.5 
6.67 
Watt 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N834 
2N835 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Refer to 2N2368 for graphs. 


Symbol 
MIn 
Max 
UnH 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc, lE = 0) 
v(BR)CBO 
40 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 20 Vdc, lE = 0) 
(Vcb = 20 Vdc, Ie = O,Ta = 150°C) 


•CBO 


- 
0.5 
30 


MAdc 


Collector Cutoff Current 
(vCe = 30 vdc, vBe = o) 
'ces 
— 
10 
MAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, Vce = 10 Vdc) 
hFE 
25 
- 
- 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VcE(sat) 


- 
0.25 
0.4 


Vdc 


Base-Emitter Saturation Voltaged) 
dc = 10 mAdc, Ib = 1.0 mAdc) 
vBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 15 Vdc, f = 100 MHz) 


Output Capacitance 
(VCB = 10 Vdc, Ie = 0. f = 100 kHz) 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
dC ° 10 mAdc, Vce = 15 Vdc, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


cobo 


Ihfe 


350 
MHz 


4.0 
PF 


3.5 


Charge-Storage Time Constant (Figure 2) 
dC = 10 mAdc, Ibi = Ib2 = 1° mAdc) 
ts 
- 
25 
ns 


Turn-On Time (Figure 1) 
dC = 10 mAdc, Ibi = 3.0 mAdc, Ib2 = 1-0mAdc) 
ton 
- 
35 
ns 


Turn-Off Time (Figure 1) 
dC = 10 mAdc. Ibi = 3.0 mAdc, Ifl2 = 1-0mAdc) 
toff 
— 
75 
ns 


(1)Pulse Test: Pulse Width * 12 ms. Duty Cycle « 2.0% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N869A 
2N4453 


JAN, JTX, JTXV AVAILABLE 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


2N4453 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


SWITCHING TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N869A 
2N4453 
UnH 


Collector-Emitter Voltage 
Vceo 
18 
18 
Vdc 


Collector-Emitter Vottage 
VCES 
25 
Vdc 


Collector-Base Voltage 
VCBO 
25* 
| 
25 
Vdc 


Emitter-Base Vottage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
360 
2.06 
400 
2.29 
mW 
mW/°C 


Total Device Dissipation @ Tc - 25°C 
TC = 
100°C 
Derate above 25°C 


pd 
1.2 
0.686 
6.86 


2.0 
1.03 
11.3 


Watts 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
fj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
2N869A 
2N44S3 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
146 
97.5 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
486 
585 
'CAN 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
| 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(IC = 10 mAdc, Ib = 0) 
2N4453 
V(BR)CEO 
18 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
(IC = 10 MAdc, VBe = o) 
2N869A, 2N4453 
V(BR)CES 
25 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dC = 10 mAdc, Ib = 0) 
VCEO(sus) 
18 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, Ie = 0) 
2N869A, 2N4453 
V(BR)CBO 
25 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ie = 0, Ta = 150"C) 
2N869A 
>CBO 
— 
25 
MAdc 


Collector Cutoff Current 
(Vce = 15 vdc, Vbe = o) 
Ices 
— 
10 
nAdc 


Emitter Cutoff Current 
(VEb = 4.5 Vdc, lc = 0) 
2N4453 
>ebo 
— 
10 
nAdc 


Base Current 
(VCe = 15 vdc, vBE = o) 


2N869A 
ib 
— 
10 
nAdc 


ON CHARACTERISTtCSd) 


DC Current Gain 
dC = 10 mAdc, Vce = 0.3 Vdc) 
dC = 10 mAdc, Vce = 5.0 Vdc) 


dC = 30 mAdc, Vce = °-5 Vdc) 


(lC = 30 mAdc,Vce = 0.5Vdc,Ta = - 55°C) 
(lC = 100mAdc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 10 mAdc) 
dC = 30 mAdc, Ib = 1.5 mAdc) 
dC = 30 mAdc, Ib = 3.0 mAdc) 
(lC ° 100 mAdc,Ib = 10 mAdc) 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 30 mAdc, Ib = 1-5mAdc) 
dc = 30 mAdc,Ib = 3.0 mAdc) 
dC = 100 mAdc, Ib ° 10 mAdc) 


MOTOROLA SEMICONDUCTORS 


2N869A 
2N869A 


2N869A, 2N4453 


2N869A, 2N4453 
2N869A, 2N4453 


2N869A 
2N4453 
2N869A 
2N869A, 2N4453 


2N869A 
2N4453 
2N869A 
2N869A, 2N4453 
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hFE 


VCE(sat) 


VBE(sat) 


30 
40 


17 
25 


0.78 
0.8 
0.85 


120 


120 


0.15 
0.25 
0.2 
0.5 


0.98 
1.1 
1.2 
1.7 


Vdc 


Vdc 


SMALL-SIGNAL DEVICES 


2N869A, 2N4453 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


SMALL-SIGNAL CHARACTERISTICS 


Min 
Max 
Unit 


i Current-Gain — Bandwidth Product(1)(2) 
dC = 10 mAdc, Vce = 15 Vdc, f = 100 MHz) 
fT 
400 
— 
MHz 


Output Capacitance 
I 
(Vcb = 5.0 Vdc, lE = 0, f = 140 kHz) 
2N869A 
C0bo 
— 
6.0 
PF 


I Input Capacitance 
(VBe = 0.5 Vdc. IC = 0, f = 150 kHz) 
2N869A 
Cjbo 
— 
6.0 
pF 


Collector-Base Capacitance 
(VCb ° 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
2N4453 
Ccb 
— 
6.0 
PF 


Emitter-Base Capacitance 
(VBe = 0.5 Vdc, lC = 0, f = 1.0 MHz) 
2N4453 
Ceb 
— 
6.0 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
Vcc = 2.0 Vdc. 2N869A 
lC = 30 mAdc, 
,, 
, „... 
2N4453 
&- 1.5 mAdc VCC =3.0 Vdc ^,.3 


ton 


— 
50 
ns 


Delay Time 
td 


— 
35 
ns 


Rise Time 
tr 
— 
20 
ns 


Tum-Off Time 
lC = 30 mAdc, 
VCc = 2.0 Vdc 2N869A 
"B1 =lB2= 
vrr = 30Vdc 
2N4453 
1.5mAdc 
VCC ~ d0 vac 
2N4453 


toff 


— 
80 
ns 
Storage Time 
ts 


— 
65 
ns 


Fall Time 
tf 
- 
20 
ns 


(1) Pulse Test: Pulse Width =s300 ms. Duty Cycle = 1.0%. 
(2)fr is defined as the frequency at which |hfe| extrapolates to unity. 


TYPICAL SWITCHING CHARACTERISTICS 


RGURE 1 — SWITCHING TEST CIRCUIT VALUES 


Vin 
Volts 
vbb 
Volts 
vcc 
Volts 
Rl 
Ohms 
'C 
mA 
.Bl'4' 
mA 
<B2M> 
mA 


'on. tr- to 
2N869A 


2N4453 


-7.0 


-7.0 


3.0 


3.0 


2.0 


3.0 


62 


91 


30 


30 


1.5 


1.S 


- 


«of»- ts, tf 
2N869A 


2N44S3 


♦6.0 


+6.0 


-4.0 


-4.0 


2.0 


3.0 


62 


91 


30 


30 


1.5 


1.5 


1.5 


1.S 


(3) Ic/'B " 10. Switching isshown to reflect current industry practices. 
Compare the valuosshown In Figures 1 and 2 CP \q » 30 mA to the 
typical valuss in the Electrical Characteristics table <P lg/l q » 20. 
<4) Ibi - Ib2 " 3.0 mA <S> lc/lB - 10 


RGURE 2 — DC CURRENT GAIN 
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FIGURE 3 — "ON" VOLTAGES 
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2N869A, 2N4453 


RGURE 4 — CURRENT-GAtN — BANDWIDTH PRODUCT 
RGURE 5 — TURN-ON TIME 
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RGURE 6 — TURN-OFF TIME 
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RGURE 8 — CAPACITANCE 


VBB 
Q 


10 


7.0 


- 
5.0 
u. 
o. 


u 
z 
2 
3.0 


U 
< 
Q. 
2 
2.0 


•25 OC— 


sC0b 


-.^ib 


" Ccb* L0b 
Ctb " Cib 
lllll 
0.3 
0.5 
0.7 
1.0 
2.0 
3.0 
5.0 
7.0 
10 
Vr. REVERSE VOLTAGE (VOLTS) 


20 
30 


MOTOROLA SEMICONDUCTORS 


4-16 


To Sampling Scope 
Zin>100kft 
tr < 1.0 ns 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCeo 
60 
Vdc 


Collector-Emitter Voltage 
(Rbe - 
10 Ohms) 
VCER 
80 
Vdc 


Collector-Base Voltage 
VCBO 
100 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


, Collector Current — Continuous 
"C 
1.0 
Amp 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
0.5 
2.86 
Watt 
mW/T 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 


pd 
1.8 
1.0 
10.3 


Watt 


mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj.TStg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
97.4 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
350 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N910 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Refer to 2N3019 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dc = 100 mAdc, Rbe * 10 ohms)(1) 
VCER(sus) 
80 
— 
Vdc 


Collector-Emitter Sustaining Voltage 
dc - 30 mAdc, Ib = OKI) 
vCEO(sus) 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 
100 |iAdc, Ie = 0) 
V(BR)CBO 
100 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 ixAdc,lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = '5 Vdc, Ie = 0) 
(Vcb = 75 Vdc, Ie = O,Ta = 150T) 
>CBO 
0.025 
15 
uAdc 


| Emitter Cutoff Current (Vbe = 5-° Vdc, lc = 0) 
>EBO 
— 
0.025 
fiAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
(lc = 0.1 mAdc, Vce = 1° Vdc) 
(IC = 10 mAdc, VCe = 10 Vdc) 
dC = 10 mAdc, VCe = 10 Vdc, Ta = -65°C) 


hFE 
35 
75 
30 


- 


— 


Collector-Emitter Saturation Voltage 
dc - 10 mAdc, Ib = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 
VCE(sat) 


_ 
0.4 
1.2 
Vdc 


Base-Emitter Saturation Voltage 
dc - 
10 mAdc, Ib = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 
VBE(sat) 
0.6 
0.8 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vce = 1° Vdc, f = 20 MHz) 
*T 
60 
— 
MHz 
Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0do 


— 
15 
PF 
Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 


— 
85 
pF 
Input Impedance 
dc = 5.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hie 
— 
1800 
Ohms 
Input Impedance 
dc =1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hib 
20 
4.0 
30 
8.0 
Ohms 


Voltage Feedback Ratio 
dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hrb 


— 
3.0 
X10-4 
Small-Signal Current Gain 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hfe 
76 
200 
— 


Output Admittance 
dc = 5.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
h0e 


— 
100 
(tmhos 
Output Admittance 
dc = 1.0 mAdc, Vcb ° 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, VCb = 6.0 Vdc, f = 1.0 kHz) 
"ob 
z 
0.5 
1.0 
ixmho 


Noise Figure 
dc = 0.3 mAdc, Vcb = 10 Vdc, Rq = 510 ohms, 
f = 1.0 kHz, BW = 200 Hz) 
NF 
— 
12 
dB 


(1) Pulse Test: Pulse Width =s 300 \is. Duty Cycle = 2.0%. 
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2N914 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Emitter Voltage 
(Rbe < 10 ohms) 
VCER 
20 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
S.O 
Vdc 


Collector Current — Continuousd) 
ic 
150 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
360 
2.06 
mW 
mW/°C 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
1.2 
6.8 
Watts 
mW/X 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 
pd 
0.68 
Watt 


Operating and Storage Junction 
Temperature Range 
Tj< Tstg 
-65 to +200 
•c 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc - 30 mAdc, Rbe * 10 ohms) 
VcER(sus) 
20 
— 
Vdc 


Collector-Emitter Sustaining Voltage(2) 
dc = 30 mAdc, Ib = 0) 
VCEO(sus) 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 1.0 ftAdc, Ie - 0) 
v(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 Vdc, Vbe = 0.25 Vdc, TA = 125°C) 
'CEX 
— 
10 
fiAdc 


Collector Cutoff Current 
(Vcb = 20 Vdc, l£ = 0) 
(vCb = 20 Vdc, ie = o, ta = i50°o 
ICBO 
0.025 
15 
/iAdc 


Emitter Cutoff Current 
(Vbe = 4-° Vdc, lc = 0) 
>EBO 


— 
0.1 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 1.0 Vdc, Ta = -55°C) 
dC = 500 mAdc, Vce = 5.0 Vdc) 


hFE 
30 
12 
10 


120 


Collector-Emitter Saturation Voltage(2) 
dC = 200 mAdc, Ib = 20 mAdc) 
(lC = 10 mAdc, Ib = 10 thru 20 mAdc, Ta = -55 to + 125°C) 


VCE(sat) 


- 
0.70 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
«C - 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
0.70 
0.80 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
300 
— 
MHz 


Output Capacitance 
(VCB = 10 Vdc, lE = 0, f = 1.0 MHz) 
Ccbo 
— 
6.0 
pF 


Input Capacitance 
(VBe = 0.5 Vdc. IC = 0, f = 1.0 MHz) 
CjDo 
— 
9.0 
pF 


SWITCHING CHARACTERISTICS 


Storage Time(3) 
dC = >B1 = >B2 = 2° mAdc) 
ts 
— 
20 
ns 


Turn-On Time(3) 
dC = 200 mAdc, Ibi = 40 mAdc, Ib2 = 20 mAdc) 
•on 
— 
40 
ns 


Turn-Off Time(3) 
dC = 200 mAdc, Ibi = 40 mAdc, Ib2 = 20 mAdc) 
toff 
— 
40 
ns 


(1) Limited by Power Dissipation. 
(2) Pulse Test: Pulse Width = 300 fts, Duty Cycle =s 1.0%. 
(3) Measured on Sampling Scope: Pulse Width s=200 ns. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
VCBO 
70 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Total Device Dissipation @Tf\ = 25°C 
Derate above 25°C 
Pd 
0.36 
2.05 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
1.2 
6.81 
Watts 
mW/°C 


Total Power Dissipation @ + 100°C Case 
pd 
0.68 
W 


Operating and Storage Temperature 
' 
Temperature Range 
Tj- Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N915 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to 2N3946 for graphs. 


Symbol 
MIn 
Max 
UnH 


Collector-Emitter Sustaining Voltaged) 
dC = 10 mA Ib = 0) 
vCEO(sus) 
50 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 n A Ie = 0) 
V(BR)CBO 
70 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftA. IC = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 60 V, lE = 0) 
>CBO 
— 
0.010 
ftA 


Collector Cutoff Current 
(VCb - 60 V, lE = 0) 
(vCb = so v, ie ° o, ta = + 150°C) 


ICBO 


- 
0.010 
30 


ftA 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10mAVcE = 5.0 V) 
hFE 
50 
200 
- 


Collector-Emitter Saturation Voltage 
dC = 10 mA Ib = 1.0 mA 
VcE(sat) 
— 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 10mAlB = 1.0 mA) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(IE = 0 Vcb = 10 V, f = 100 kHz) 
C0do 
— 
3.5 
pF 


Emitter Transition Capacitance 
dC = 0 Veb = 0.5 V, f = 100 kHz) 
Cte 
— 
10 
pF 


Input Impedance 
(lC = 1.0 mA Vce = 5.0 V) 
«C = 5.0 mA Vce = 5.0 V) 


hie 


- 
6000 
2000 


ohms 


High Frequency Current Gain f = 100 MHz 
dC = 10 mA Vce = 15 V) 
hfe 
2.5 
— 
— 


Small-Signal Current Gain f = 1 kHz 
dC = 1.0 mA Vce = 5.0 V) 
dC = 5.0 mA VCe = 5.0 V) 


hfe 
40 
50 
200 
250 


— 


Output Admittance 
dc = 1.0 mA Vce = 5.0 V) 
dC = 5.0 mA Vce = 5.0 V) 


h0e 


- 
75 
125 
ptmhos 
ftmho 


Collector Base Time Constant 
(lC = 10 mA, Vcb = 10 V, f = 40 mHz) 
rb'Cc 
300 
ps 


(D.Pulse Test: PW S 300 fts. Duty Cycle £ 1.0%. 
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2N916 


JAN AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Refer to 2N3946 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
25 
Vdc 


Collector-Base Voltage 
VCBO 
45 
Vdc 


Emitter-Base Voltage 
VEBO 
5 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.36 
2.06 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
6.9 
Watts 
mwyc 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
dc = 30 mA, Ib = 0) 
vCEO(sus) 
25 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftA, Ie = 0) 
V(BR)CBO 
45 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftA, lc - 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 V, Ie = 0) 
"CBO 
— 
10 
nAdc 


Collector Cutoff Current @ 150°C (Vcb = 30 V, Ie = 0) 
'CBO 
- 
10 
ftAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
(lC = 10 mA, VCe = 10 V) 
dC = 10 mA, Vce = 10 V. -55"C) 


hFE 
50 
15 
200 


~* 


Collector-Emitter Saturation Voltage 
(lC = 10 mA, Ib = 10 mA) 
VcE(sat) 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mA, Ib = 10 mA) 
vBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(vCb = 5.o v, ie = o) 
C0bo 
— 
6.0 
PF 


Input Capacitance 
(Veb = o.5 v, ic = oj 
Cibo 
— 
10 
pF 


Input Impedance, f = 1.0 kHz 
dC = 1.0 mA Vce = 5.0 V) 
dC = 5.0 mA, Vce = 5.0 V) 


hie 


- 
6000 
2000 
ohms 
ohms 


Small-Signal Current Gain, f = 1.0 kHz 
dC = 1.0 mA Vce = 5.0 V) 
dC = 5.0 mA, Vce = 5.0 V) 


hfe 
40 
50 
200 
250 


Magnitude of Forward Circuit TransferRatio, Common-Emitter 
(IC = 10 mA, Vce = 15V) 
Ihfel 
3.0 
— 
— 


Output Admittance, f = 1.0 kHz 
dC = 1.0 mA, Vce = 5.0 V) 
(lC = 5.0 mA, Vce = 50 V) 


hoe 


- 
75 
125 
tumho 
/imho 


Collector Base Time Constant 
dc = 10 mA, vCb = 10 v, f = 40 mhz) 


rb'Cc 
— 
300 
ps 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle « 1.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
200 
1.14 
mW 
mW/°C 
Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
300 
1.71 
mW 
mW/"C 


Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N918 


JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
(TO-72 (TO-206AF) 


AMPUFIER TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Sustaining Voltage 
dC = 3.0 mAdc, Ib = 0) 
VCEO(sus) 
15 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 1.0 .vcAdc, |E = o) 
V(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 ftAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 vdc, i£ = o) 
(Vcb = 15 Vdc. IE = 0, TA = 150X) 


>CBO 


- 


.010 
1.0 
/iAdc 
ftAdc 


ON CHARACTERISTICS 


OC Current Gain 
dC = 3.0 mAdc. Vce = 10 Vdc) 
hFE 
20 
- 
- 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Is = 1.0 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dC = 4.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
600 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 140 kHz) 
(Vcb = 0, Ie = 0. f = 140 kHz) 


C0bo 


- 
1.7 
3.0 


PF 


Input Capacitance 
(VEb *> 0.5 Vdc, lc = 0, f = 140 kHz) 
Cibo 
— 
2.0 
pF 


Noise Figure 
dC = 1.0 mAdc, Vce = 6.0 Vdc, Rq = 400 Ohms, f = 60 MHz) 
NF 
— 
6.0 
dB 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Vcb = 12 Vdc, lc = 6.0 mAdc, f = 200 MHz) 
Gpe 
15 
- 
dB 


Power Output 
(Vcb = 15 Vdc. lc = 8.0 mAdc, f = 500 MHz) 
Po 
30 
— 
mW 


Collector Efficiency 
(VCb = 15 Vdc, lc = 8.0 mAdc, f = 500 MHz) 
V 
25 
— 
% 


(1)fr is defined as the frequency at which |hfe| extrapolates to unity. 
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2N930.A 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N930 
2N930A 
Unit 


Collector-Emitter Voltage 
VCEO 
45 
60 
Vdc 


Collector-Base Voltage 
VCBO 
45 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
6.0 
Vdc 


Collector Current 
ic 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.5 
3.33 


W 
mW/°C 


Total Device Dissipation @ Tc - 25eC 
Derate above 25*C 
pd 
1.8 
12 
Watt 
mW/°C 


Operating and Storage Temperature 
Temperature Range 
Tj. T8tg 
-65 to + 175 
•c 


Refer to 2N2481 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Eminer Breakdown Voltage (1) 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
45 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 ftAdc, Ie = 0) 
2N930A 
v(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
<IE = 10AiAdc, |C = o) 
2N930 
2N930A 


V(BR)EBO 
5.0 
6.0 


- 


Vdc 


Collector Cutoff Current 
(Vce = 50 vdc. ib = o» 
'CEO 
— 
2.0 
nAdc 


Collector Cutoff Current 
(Vcb = 45 Vdc,Ie = 0) 
2N930 
2N930A 


'CBO 


- 
10 
2.0 


nAdc 


Collector Cutoff Current 
(Vce = 45 vdc, vbe = °> 
2N930 
2N930A 


(Vce = 45 Vdc,Vbe = 0. Ta = 170°C) 
2N930 
2N930A 


'ces 


- 


10 
2.0 


10 
2.0 


nAdc 


ftAdc 


Emitter Cutoff Current 
(Vbe = 5.0vdc, ic = o) 
2N930 
2N930A 


'EBO 


- 
10 
2.0 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 


— 
(lC = 1-0 ftAdc,Vce = 5.0 Vdc) 
2N930A 
60 
— 


(lC = 10 AiAdc, Vce = 50 Vdc) 
2N930 
2N930A 
100 
300 


dC = 10 /tAdc,Vce = 5.0 Vdc,Ta = -55"C) 
2N930 
2N930A 
20 
30 
— 


dC = 500 itAdc, Vce = 5.0 Vdc) 
2N930 
2N930A 
150 
— 


dC = 10 mAdc, Vce = 5.0 Vdc) (1) 
2N930 
2N930A 


— 
600 
600 
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2N930.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Collector-Emitter Saturation Voltage (1) 
(lC = 10 mAdc, Ib = 0.5 mAdc) 
2N930 
2N930A 


VCE(sat) 


- 
1.0 
0.5 


Vdc 


Base-Emitter Saturation Voltage (1) 
(lC = 10 mAdc, Ib = 0.5 mAdc) 
2N930 
I 
2N930A 


VBE(sat) 
0.7 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
«C = 600 uAdc, Vce = 5.0 Vdc, f = 30 MHz) 
2N930 
2N930A 


fT 
30 
45 


- 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
2N930 
2N930A 


C0bo 


- 
8.0 
6.0 


PF 


Input Impedance 
dE = 10 mAdc. VCb = 5.0 Vdc, f = 1.0 kHz) 
hib 
25 
32 
ohms 


Voltage Feedback Ratio 
(IE = 1.0 mAdc. Vcb = 5.0 Vdc, f =• 1.0 kHz) 
hrb 
— 
600 
X10-6 


Small-Signal Current Gain 
(lC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
2N930 
2N930A 


hfe 
150 
600 


— 


Output Admittance 
(!E = 1.0 mAdc. VCb = 5.0 Vdc. f = 1.0 kHz) 
h0b 
— 
1.0 
umhos 


Noise Figure 
(lC = 10 ftAdc, Vce = 5.0 Vdc, 
2N930, 
RS = 10 k ohms, f = 10 Hz to 15.7 kHz) 
2N930A 


NF 
3.0 
dB 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle =s 2.0%. 


2N956 
For Specifications, See 2N718A Data. 
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2N1132.A 


JAN AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N1132 2N1132A 
Unit 


Collector-Emitter Voltage 
VCEO 
35 
40 
Vdc 


Collector-Emitter Voltage 
(RBE * 10 Ohms) 
VCER 
< 
50 
• 
Vdc 


Collector-Base Voltage 
VCBO 
50 
| 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
« 
5.0 
» 
Vdc 


Collector Current — Continuous 
ic 
<—600—» 
mA 


Total Device Dissipation (5 T^ = 25°C 
Derate above 25°C 
PD 
« 
600 
• 


« 
3.43 
• 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
<—2.0 
<• 


« 
11.43 
<• 
Wans 
mW/°C 


Total Device Dissipation (3 Tc = 100°C 
2N1132A 
pd 
« 
1.0 
• 
Watts 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
87.49 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
291.55 
'CAN 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
2N1132A 
dC = 10 mA) 
2N1132 
V(BR)CEO 
40 
35 


— 
Vdc 


Cotlector-Base Breakdown Voltage 
(lC = 100uAdc, Ie = 0) 
2N1132, 
2N1132A 


V(BR)CBO 
50 
60 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 MAdc, |C = 0) 
2N1132, 
dE = 1.0mA, lc = 0) 
2N1132A 


V(BR)EBO 
5.0 
5.0 


- 
Vdc 


Collector Cutoff Current 
(Vcb = 30vdc, Ie = o) 
2N1132 
(vCb = 50 vdc, Ie = 0) 
2N1132 
(Vcb = 30 vdc, i£ = 0, ta = i50°o 
2N1132 
(vCb = 45 vdc, ie = 0) 
2N1132A 
(Vcb = 45Vdc, Ie = O, Ta = 150°C) 
2N1132A 


'CBO 


- 


1.0 
100 
100 
0.5 
50 


uAdc 


Collector Cutoff Current 
2N1132 
(Vce = 50v, Rbe = * 10ohms) 
2N1132A 
'CER 


_ 
10 
10 
mA 
mA 


Emitter Cutoff Current 
(Vbe = 5.0Vdc,lc = 0) 
2NH32A 
(Vbe = 2.0vdc, ic = o) 
2N1132 


•ebo 


- 
100 
100 


uAdc 


ON CHARACTERISTICS!1) 


DC Current Gain 
dC = 5.0 mAdc, Vce = 10Vdc) 
(lC = 150 mAdc, Vce = 10 Vdc) 


hFE 
25 
30 
90 


— 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 150mAdc, Ig = 15 mAdc) 
VBE(sat) 
— 
1.3 
Vdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N1132.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 


SMALL-SIGNAL CHARACTERISTICS 


Symbol 
Min 
Max 
Unit 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
fT 
60 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 1.0 MHz) 
2N1132, 
(vCb = io vdc, iE = o, f = i.o mhz) 
2N1132A 


C0bo 


- 
45 
30 


pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 1.0 kHz) 
2N1132, 
(VBe = 0.5 Vdc, IC = 0, f = 1.0 MHz) 
2N1132A 


Cjbo 


- 
80 
80 


PF 


Input Impedance 
(lC = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz 
(lC = 5.0 mAdc, Vcb = 1° Vdc, f = 1.0 kHz 


hib 
25 
35 
10 


Ohms 


Voltage Feedback Ratio 
(lC = 5.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
(IC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


hrb 


- 
8.0 
8.0 


X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc. Vce = 5.0 Vdc, f = 1.0 kHz) 
2N1132, 
2N1132A 


dC = 5.0 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 
2N1132, 
2N1132A 


hfe 
25 
25 


30 
30 


100 
75 


Output Admittance 
dC = 10 mAdc, VCE = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


hob 


- 
1.0 
5.0 


umhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 
2N1132A 
lon 


— 
45 
ns 


Turn-Off Time 
2N1132A 
toff 
— 
35 
ns 


(1) Pulse Test: Pulse Width =s300 us. Duty Cycle * 2.0%. 


FIGURE 1 
SWITCHING TIMES TEST CIRCUIT 


VBB 
VCC 


♦ 1.5 V 
-15 V 


-7.5 V I 
I 
r 


PW = 150 ns 
tr ^2.0 ns 
Duty Cycle ^2.0°/ 


SMALL-SIGNAL DEVICES 
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1.0 k 
5 
150 


-O 
Scope 


MOTOROLA SEMICONDUCTORS 


2N1613 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
(Rbe * 10 Ohms) 
VCER 
50 
Vdc 


Collector-Base Voltage 
vCBO 
75 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.8 
4.57 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
3.0 
17.15 
Watts 
mwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
58.3 
•CAV 


Refer to 2N3019 for graphs. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 100 mAdc, Rbe * 10 Ohms) 
VCER(sus) 
50 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 uAdc, Ie - 0) 
V<BR)CBO 
75 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 uAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 5° Vdc, Ie = 0) 
(Vcb = 60 vdc, i£ = o, ta = i50°o 
'CBO 
— 


__ 
10 
10 
nAdc 
uAdc 


Emitter Cutoff Current 
(Veb = 5.0 Vdc, lc = 0) 
>EBO 
- 
— 
10 
nAdc 


ON CHARACTERISTICSd) 


DCCurrent Gain 
dc = 100 uAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc, Ta = -55X) 
dC = 150 mAdc, Vce = 10 Vdc) 
dC = 500 mAdc, Vce = 10 Vdc) 


hFE 
20 
35 
20 
40 
20 


35 
50 


80 
30 
120 


Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib - 15 mAdc) 
VCE(sat) 


— 
0.3 
1.5 
Vdc 


Base-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.78 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
fT 
60 
— 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc, Ig = 0, f = 100 kHz) 
C0bo 


— 
10 
25 
pF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 
— 
50 
80 
pF 


Input Impedance 
dc =1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, VCb = 10 Vdc, f = 1.0 kHz) 
nib 
24 
4.0 


— 
34 
8.0 
Ohms 


Voltage Feedback Ratio 
dc = 1-0 mAdc, Vcb - 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vcb = 10 Vdc. f = 1.0 kHz) 
hrb 
3.0 
3.0 
X10-4 


Small-Signal Current Gain 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz) 
hfe 
30 
35 


— 
100 
150 


— 


Output Admittance 
dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 
hob 
0.05 
0.05 


— 
0.5 
0.5 
umhos 


Noise Figure dc = 0.3 mAdc, Vce = 10 Vdc, Rs = 510 Ohms, f = 1.0 kHz, 
Bandwidth = 1.0 Hz) 


NF 
— 
— 
12 
dB 


SWITCHING CHARACTERISTICS 


Switching Time 
td + V + tf 
30 


(1) Pulse Test: Pulse Width * 300 us. Duty Cycle <s 2.0%. 
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ZN1711 
For Specifications, See 2N718A Data. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
80 
Vdc 


Collector-Emitter Voltage 
VCER 
100 
Vdc 


Collector-Base Voltage 
VCBO 
120 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
0.5 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.8 
4.57 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
3.0 
17.2 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
58.3 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
219 
'CAN 


2N1893 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 mAdc, Rbe - 10 ohms) 
VCER(sus) 
100 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
dc - 30 mAdc, Ib - 0) 
VCEO(sus) 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc =100 uAdc, Ie - 0) 
V(BR)CBO 
120 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 uAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vqb - SOVdc, Ie = 0) 
(Vcb = 90 Vdc, Ie = 0, Ta = 150T) 
'CBO 


_ 
0.01 
15 
uAdc 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc, lc = 0) 
•ebo 
— 
0.01 
uAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dc = 0.1 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc, VCe = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc, TA = -55°C) 
dC = 150 mAdc, Vce = 10 Vdc) 


hFE 
20 
35 
20 
40 
120 


Collector-Emitter Saturation Voltage 
dc 
=• 50 mAdc, Ib = 5.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 


_ 
1.2 
5.0 
Vdc 


Base-Emitter Saturation Voltage 
dc = 50 mAdc, Ib = 5.0 mAdc) 
(lC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.9 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
fT 
50 
— 
MHz 


Output Capacitance 
(Vcb ° 10 Vdc, Ie = 0,100 kHz « f < 1.0 MHz) 
Cobo 


— 
15 
PF 
Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0,100 kHz< f < 1.0 MHz) 
Cibo 
— 
85 
pF 
I Input Impedance dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
(lC = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 
hib 
20 
4.0 
30 
8.0 
Ohms 


Voltage Feedback Ratio 
dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
(lC = 5.0 mAdc, Vcb = 10 Vdc, 1=1.0 kHz) 
hrb 
__ 
1.25 
1.5 
X10-4 


Small-Signal Current Gain 
(lc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
30 
45 
100 
— 


Output Admittance 
(lc = 1.0 mAdc. Vcb = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 
hob 
— 
0.5 
0.5 
umho 


(1) Pulse Test: Pulse Width <s300 us, Duty Cycle =s2.0%. 
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2N2102 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCEO 
65 
Vdc 


Collector-Emitter Voltage, Rbe * 10 Ohms 
VCER 
BO 
Vdc 


Collector-Base Voltage 
VcBO 
120 
Vdc 


Emitter-Base Voltage 
VebO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
tJ.Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
35 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJAO) 
175 
°CAV 
Refer to 2N3019 for graphs. 
ELECTRICALCHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 mAdc, Rbe * 10 ohms) 
VCER(sus) 
80 
— 
— 
Vdc 


Collector-Emitter Sustaining Voltage(2) 
dc = 100 mAdc, Ig = 0) 
VCEO(sus) 
65 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dc = 100 uAdc, Veb = I-5 Vdc) 
V(BR)CEX 
120 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 uAdc, Ie = 0) 
V(BR)CBO 
120 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 100 uAdc, lc = 0) 
V(BR)EB0 
7.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb - 50 Vdc, Ie = 0) 
(Vcb = 60 Vdc, Ie = 0, Ta = 150X) 
'CBO 
2.0 
2.0 
nAdc 
uAdc 


Emitter Cutoff Current 
(Vbe = 5-0 Vdc, lc = 0) 
'EBO 
- 
- 
2.0 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 0.1 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc, Ta = -55"C) 
(lC = 150 mAdc, Vce = 10Vdc)(2) 
dC = 500 mAdc, Vce = 10Vdc)(2) 
(lC = 1.0 Adc. VCe = 10 Vdc)(2) 


hFE 
20 
35 
20 
40 
25 
10 


120 


Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VcE(sat) 
— 
0.15 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
- 
0.88 
1.1 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dc = 50 mAdc, Vce = 10 Vdc, 
f.= 20 MHz) 
fT 
60 
— 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
6.0 
15 
PF 


Input Capacitance 
(Vbe ° 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
50 
80 
pF 


Input Impedance 
dc = 1-0mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hib 
24 
4.0 


— 
34 
8.0 
Ohms 


Voltage Feedback Ratio dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
hrb 
— 
— 
3.0 
3.0 
X10-4 


Small-SignalCurrentGain dc = 1-0mAdc, Vce = 5.0Vdc, f = 1.0kHz) 
(lC = 5.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
hfe 
30 
35 


— 
100 
150 


— 


Output Admittance 
dc = 1-0mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hob 
0.01 
0.01 
0.5 
1.0 
umho 


Noise Figure dc = 300 uAdc, Vce = 10Vdc, Rs = 1-0k Ohm, 
f = 1.0 kHz, Bandwidth = 1.0 Hz) 


NF 
— 
4.0 
6.0 
dB 


SWITCHING CHARACTERISTICS 
[ Switching Time 
|td +tr+tf| 
- 
| 
- 
| 
30 
ns 
| 


(1) RgjAis measured withthe devicesoldered intoa typical printed circuit board. 
(2) Pulse Test: Pulse Width « 300 ms. Duty Cycle « 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
VcbO 
80 
Vdc 
Emitter-Base Voltage 
VEBO 
8.0 
Vdc 


Collector Current — Continuous 
"C 
1.0 
Adc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
PD 
0.8 
4.6 
Watt 
mwrc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
2.8 
16 
Watts 
mW/'C 


Total Device Dissipation 
@ 100°C Case 
Derate above 100°C 


pd 
1.6 
16 


mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2193A 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to 2N3019 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Sustaining Voltaged) 
dC = 25 mA, lB = 0) 
vCEO(sus) 
50 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, l£ = 0) 
V(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
He = 100 uAdc, lc = 0) 
V(BR)EBO 
8.0 
— 
Vdc 


Collector Cutoff Current 
(vCB = so vdc, iE = o) 
(Vcb = 60 Vdc, Ie = O,Ta = 150°C) 


'CBO 


- 
0.010 
25 


uAdc 


Emitter Cutoff Current 
(vEb = 5.o Vdc, ic = o) 
>EBO 
— 
0.050 
uAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 0.1 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc, VCe = 10 Vdc) 
(lC = 10 mAdc,Vce = 10Vdc,TA = -55X) 
dC = 150 mAdc, VCe = 10 Vdc)(1) 
dc = 150 mAdc, Vce = 10 Vdcl(l) 
dC = 500 mAdc, Vce = 10 VdcKD 
dC = 1.0 Adc, Vce = lOVdcl(l) 


hFE 
15 
30 
20 
40 
30 
20 
15 


120 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb ° io vdc, Ie = o, f 
1.0 MHz) 


Small-Signal Current Gain 
dC = 50 mA, Vce = 10 V,f 
20 MHz) 


SWITCHING CHARACTERISTICS 


Rise Time 


Storage Time 


Fall Time 
(1)Pulse Test: Pulse Width *s300 us. DutyCycleas2.0%. 


SMALL-SIGNAL DEVICES 


C0bo 
20 
PF 


hfe 
2.5 


70 


150 


50 


MOTOROLA SEMICONDUCTORS 
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2N2218,A/2N2219,A 
2N2221,A/2N2222,A 
2N5581/82 


JAN, JTX, JTXV AVAILABLE 


2N2218.A 
2N2219.A 
CASE 79-02 
TO-39 (TO-205AD) 
2N2221.A 
2N2222A 
CASE 22-03 
TO-18 (TO-206AA) 


2N5581 
2N5582 
CASE 26-03 
TO-46 (TO-206AB) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 


2N2218 
2N2219 
2N2221 
2N2222 


2N2218A 
2N2219A 
2N2221A 
2N2222A 
2N5581 
2N5582 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
40 
40 
Vdc 


Collector-Base Voltage 
VCBO 
60 
75 
75 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
6.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
800 
800 
800 
mAdc 


2N2218A 
2N2219.A 
2N2221.A 
2N2222A 
2N5581 
2N5S82 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Pd 
0.8 
4.57 
0.4 
2.28 
0.6 
3.33 
Watt 
mW/"C 


Total Device Dissipation 
@ TC = 25,,C 
Derate above 25°C 


pd 
3.0 
17.1 


1.2 
6.85 
2.0 
11.43 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICALCHARACTERISTICS (Ta ° 25"C unless otherwise noted.) 


Max 
Unit 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(IC = 10 uAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(lE = 10 uAdc,lc = 0) 


Collector Cutoff Current 
(VCe " 60Vdc, VEB(off) = 30 Vdc> 


Collector Cutoff Current 
(Vcb = 50 Vdc,Ie = 0) 
(Vcb = 60 vdc, ie = o) 
(Vcb = 5° Vdc, Ie = O, Ta = 150oC) 
(VCb = 60vdc, Ie ° o. Ta = iso°c) 


Emitter Cutoff Current 
(Veb ° 3.0 vdc, ic ° Q) 


Base Cutoff Current 
(VCE =• 60Vdc, VEB(off) = 30 Vdc> 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 0.1 mAdc,Vce = 10 Vdc) 


(lC = 1.0mAdc, Vce = 1° Vdc) 


dC = 10 mAdc, Vce = 10 Vdc) 


(lC = 10mAdc, Vce = 10Vdc, Ta = -55"C) 


(lC = 150mAdc, Vce = 10Vdc)(1) 


MOTOROLA SEMICONDUCTORS 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


A-Suffix, 2N5581, 2N5582 


Non-A Suffix 
A-Suffix, 2N5581.2N5582 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


A-Suffix, 2N5581, 2N5582 


A-Suffix 


2N2218.A, 2N2221A 2N558KD 
2N2219A 2N2222A 2N5582ID 


2N2218A 2N2221A 2N5581 
2N2219A 2N2222A 2N5582 


2N2218A 2N2221A 2N558KD 
2N2219A 2N2222A 2N5582I1) 


2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 


2N2218A 2N2221A 2N5581 
2N2219A 2N2222A 2N5582 
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Symbol 


V(BR)CE0 


V(BR)CB0 


V(BR)EBO 


'CEX 


>CBO 


<EBO 


<BL 


hFE 


Min 


30 
40 


60 
75 


5.0 
6.0 


10 


0.01 
0.01 
10 
10 


10 


20 


20 
— 
35 
— 


25 
50 
— 


35 
75 
— 


15 
35 
— 


40 
120 
100 
300 


Vdc 


Vdc 


Vdc 


nAdc 


uAdc 


nAdc 


nAdc 


SMALL-SIGNAL DEVICES 


2N2218/19/21/22, A SERIES, 2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


(lC = 150 mAdc, Vce = 1-0 Vdcl(l) 
2N2218.A, 2N2221,A, 2N5581 
2N2219A 2N2222A 2N5582 


dC = 500 mAdc, Vce = 1° Vdc)(1) 
2N2218, 2N2221 
2N2219, 2N2222 
2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 


20 
50 


20 
30 
25 
40 


- 


Collector-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


dC = 500 mAdc, Ib = 50 mAdc) 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


VCE(sat) 


— 
0.4 
0.3 


1.6 
1.0 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


dC = 500 mAdc, Ib = 50 mAdc) 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


VBE(sat) 
0.6 
0.6 
1.3 
1.2 


2.6 
2.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
All Types, Except 
2N2219A, 2N2222A, 2N5582 


fT 
250 
300 


- 


MHz 


Output Capacitance(3) 
(VCb = 10 Vdc, lE = 0, f = 100 kHz) 
Cobo 
— 
8.0 
PF 


Input Capacitance(3) 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Non-A Suffix 
A-Suffix, 2N5581, 2N5582 


Cibo 


- 
30 
25 


PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc, f =• 1.0 kHz) 
2N2218A, 2N2221A 
2N2219A, 2N2222A 


He = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N2218A, 2N2221A 
2N2219A, 2N2222A 


hie 
1.0 
2.0 


0.2 
0.25 


3.5 
8.0 


1.0 
1.25 


kohms 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N2218A, 2N2221A 
2N2219A, 2N2222A 


dC = 10 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
2N2218A, 2N2221A 
2N2219A, 2N2222A 


hre 


- 


5.0 
8.0 


2.5 
4.0 


X10-4 


Small-Signal Current Gain 
(lC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
2N2218A,2N2221A 
2N2219A, 2N2222A 


(lC = 10 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
2N2218A,2N2221A 
2N2219A, 2N2222A 


hfe 
30 
50 


50 
75 


150 
300 


300 
375 
Output Admittance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N2218A 2N2221A 
2N2219A, 2N2222A 


dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N2218A, 2N2221A 
2N2219A, 2N2222A 


h0e 
3.0 
5.0 


10 
25 


15 
35 


100 
200 


umhos 


Collector Base Time Constant 
HE = 20 mAdc, Vcb = 20 Vdc, f = 31.8 MHz) 
A-Suffix 
rb'Cc 
— 
150 
ps 


Noise Figure 
dC = 100 uAdc, Vce = 10 Vdc, 
RS = 1.0 kohm, f = 1.0 kHz) 
2N2219A 2N2222A 


NF 
— 
4.0 
dB 


Real Part of Common-Emitter 
High Frequency Input Impedance 
dC = 20 mAdc, Vce = 20 Vdc, f = 300 MHz) 
2N2218A, 2N2219A 
2N2221A, 2N2222A 


Re(hje) 
60 
Ohms 


(1)Pulse Test: Pulse Width =s 300 us. Duty Cycle =s 2.0%. 
(2)fj is defined as the frequency at which|hfe| extrapolatesto unity. 
(3) 2N5581 and 2N5582 are Listed Ccband Cebforthese conditions andvalues. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 
lC = 150 mAdc, Ibi = 15 mAdc) 
(Figure 14) 


td 


— 
10 
ns 


Rise Time 
tr 
— 
25 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
(Figure! 5) 


ts 
— 
225 
ns 


Fall Time 
tf 
— 
60 
ns 


Active Region Time Constant 
(lc = 150 mAdc, Vce = 30 Vdc) (See Figure 14 for 2N2218A, 2N2219A, 
2N2221A, 2N2222A) 


TA 
2.5 
ns 


FIGURE 1 - 
NORMALIZED DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 
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Polfr. OVERDRIVE FACTOR 


MOTOROLA SEMICONDUCTORS 


This graph shows the effect of base current on collector current. J30 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and /?,(forced gain) is the ratio of lc/l» in a circuit. 


EXAMPLE:For type 2N2219. estimate a base current (l„) to insure 
saturation at a temperature of 25*C and a collector current of 
150 mA. 
Observe that at lc = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor wellinto the saturation region. From 
Figure1, it is seen that h„ @ 1 volt is approximately0.62 of h„ @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, p0 = 62 and substituting values in the overdrive equation, 
we find: 


Jfc' 
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hH® 1.0V 
lc/l» 
2.5 = 
62 
150/1, 
L = 6.0 mA 


SMALL-SIGNAL DEVICES 


2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82 


FIGURE 3 - "ON" VOLTAGES 
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FIGURE 4 - 
TEMPERATURE COEFFICIENTS 
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h PARAMETERS 
Vce = 10 Vdc, f = 1.0 kHz, TA = 25°C 


This group of graphs illustrates the relationship between hfe and other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 
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RGURE 5 — INPUT IMPEDANCE 
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RGURE 7 — CURRENT GAIN 
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FIGURE 6 — VOLTAGE FEEDBACK RATIO 
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FIGURE 8 — OUTPUT ADMITTANCE 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82 


SWITCHING TIME CHARACTERISTICS 


RGURE 9 — TURN-ON TIME 
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RGURE 10 — CHARGE DATA 
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RGURE 11 — TURN-OFF BEHAVIOR 
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2N2218,A/2N2219.A/2N2221,A/2N2222,A/2N5581 /82 


FIGURE 12 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 
2.0 ns 
PW< 200ns 
OUTY CYCLE - 2.0% 


SMALL-SIGNAL DEVICES 


OSCILLOSCOPE 
Rjn> 100kohms 
Cin<12pF 
RISE Tl ME < 5.0 ns 


FIGURE 13 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


OUTY CYCLE • 2.0* 


SCOPE 
Rin> 100 k ohms 
Cj„<12pF 
RISE TIME < 
5.0 ns 
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2N2270 


CASE 79-02, STYLE 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
45 
Vdc 


Collector-Emitter Voltage, Rbe « 10 Ohms 
VCER 
60 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tr = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/"C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RfljAd) 
175 
"CAV 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 
Typ 
| 
Max 
| 
UnH 
| 
Characteristic 
Symbol 
MIn 


OFF CHARACTERISTICS 
Collector-EmitterBreakdown Voltage(2) dc = 100 mAdc, Rbe * 10 Ohms) 
V(BR)CER 
60 
— 
— 
Vdc 


Collector-Emitter Sustaining Voltage(2) 
dc = 100 mAdc, Ib = 0) 
VCEO(sus) 
45 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 0.05 ftAdc,Ie - 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
— 
Vdc 


CollectorCutoffCurrent 
(Vcb = 6° Vdc< 'E = 0, Tc = 25'C) 
(Vcb = 60 Vdc, Ie = O,Tc = 150'C) 
'CBO 
— 
— 
0.05 
100 
ftAdc 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc, lc = 0) 
>EBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc, VCe = 10 Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 


hFE 
30 
50 


SO 
135 
200 


— 


Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, Ib = 15 mAdc) 
vCE(sat) 
— 
0.15 
0.9 
Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.88 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc,Vce = 10 Vdc,f = 20 MHz) 
fT 
100 
250 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = lOO kHz) 
C0bo 
— 
10 
15 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
60 
80 
pF 


Small-Signal Current Gain 
(lC = 5.0mAdc,Vce ° 10Vdc,f = 1.0 kHz) 
hfe 
50 
— 
275 
— 


Noise Figure 
(lC= 0.3 mAdc, Vce = 10Vdc,Rs = 1.0kOhm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 


NF 
7.0 
10 
dB 


SWITCHING CHARACTERISTICS 


Total Switching Time 
1 ton + toff | 
~ 
I 
- 
I 
30 


(1) RflJAis measured withthe device soldered intoa typical printed circuit board. 
(2) Pulse Test: Pulse Width * 300 ms, Duty Cycle * 2.0%. 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
35 
Vdc 


Collector-Base Voltage 
VCBO 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
800 
4.56 
mW 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj.T8tg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
35 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJAd) 
219 
'CAV 


Lead Temperature, 1/16" from Case 
for 10 seconds 
tL 
300 
•c 


ELECTRICALCHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


2N2297 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N3019 for graphs. 


Min 
Typ 
Max 
Unit 


Collector-Emitter Sustaining Voltage(2) 
dC = 30 mAdc, Ib = 0) 
vCEO(sus) 
35 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 j«Adc, Ie = 0) 
V(BR)CBO 
80 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 AtAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 Vdc, lE = 0) 
(Vcb = 60 Vdc, lE = 0, TA = + 150°C) 


"CBO 


- 
- 
10 
10 
nAdc 
ftAdc 


Emitter Cutoff Current 
(Veb = 5.o vdc, ic = o) 
lEBO 
— 
— 
10 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 10 mAdc, Vce = 10 Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 
(lC = 1.0 Adc, Vce = 10 Vdc) 


hFE 
30 
40 
15 


60 
80 
40 
120 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, lB = 15 mAdc) 
dC = 1.0 Adc, lB = 100 mAdc) 


VcE(sat) 


- 
0.1 
0.6 
0.2 
1.0 


Vdc 


Base-Emitter Saturation Voltage 
dC = 1-0 Adc, Ib = 100 mAdc) 
VBE(sat) 
— 
0.8 
1.6 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
«C = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
fT 
60 
100 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
cobo 
— 
8.0 
12 
PF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 
— 
60 
80 
PF 


Collector Base Time Constant 
(lC = 10 mAdc, Vcb = 10 Vdc, f = 4.0 MHz) 
rb'Cc 
— 
— 
800 
ps 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width * 300 fts. Duty Cycle =s 2.0%. 
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MOTOROLA SEMICONDUCTORS 


2N2368 
2N2369.A 
2N3227 


2N2369A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
2N2368,9,A 
2N3227 


VCEO 
15 
20 . 


Vdc 


Collector-Emitter Voltage 
VCES 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
2N2368,9,A 
2N3227 


VEBO 
4.5 
6.0 


Vdc 


Collector Current 
(10 usee pulse) 
•C(Peak) 
500 
mA 


Collector Current — Continuous 
2N2369A, 
2N3227 


ic 
200 
mA 


Total Device Dissipation 
@ Ta = 25'C 
Derate above 25X 


PD 
0.36 
2.06 
Watt 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
2N3227 


pd 
1.2 
6.85 
Watts 
mW/°C 


Total Device Dissipation 
@ Tc = lOCC 
Derate above 100°C 


pd 
.68 
6.85 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC •= 10 mAdc, Vbe = 0) 
2N3227 
V(BR)CEO 
20 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
(IC = 10 yA. VBE = 0) 
V(BR)CES 
40 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
(lC = 10 mAdc, Ib = 0) 
2N2368,2N2369,2N2369A 
VCEO(sus) 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC => 10 ftA. IB = 0) 
V(BR)CB0 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, Ie = 0) 
2N2368, 2N2369, 2N2369A 
2N3227 


v(BR)EBO 
4.5 
6.0 


- 
Vdc 


Collector Cutoff Current 
(Vce = 20 vdc, Vbe = 3.o vdc) 
2N3227 
'CEX 
— 
0.2 
/iAdc 


Collector Cutoff Current 
(Vcb = 20 Vdc,Ie = 0) 
2N2368, 2N2369 
2N3227 


(Vcb ° 20Vdc, Ie = O, Ta = 150°C) 
2N2368, 2N2369, 2N2369A 
2N3227 


•CBO 


- 


0.4 
0.2 


30 
50 


iiAdc 


Collector Cutoff Current 
(Vce = 20 Vdc,VBe = 0) 
2N2369A 
'CES 
— 
0.4 
uAdc 


Base Current 
(Vce = 20 Vdc,Vbe = °> 
2N2369A 
IB 
— 
0.4 
/iAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 10 mAdc, Vce ° 10 Vdc) 
2N2368 
2N2369 


hFE 
20 
40 
60 
120 
2N2369A 
— 
120 


2N3227 
100 
300 


dC = 10 mAdc,Vce = 10 Vdc,Ta = -55°C) 
2N2368 
2N2369 
10 
20 


— 


2N3227 
40 
— 


(lC = 10 mAdc,VCe = 0.35Vdc,Ta = -55°C) 
dC = 30 mAdc, Vce = 0.4 Vdc) 


2N2369A 
2N2369A 
20 
30 
- 


MOTOROLA SEMICONDUCTORS 
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2N2368, 2N2369.A, 2N3227 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


dC = 100 mAdc, Vce = 1-0 Vdc) 
2N2369A 
2N3227 


(lC = 100 mAdc, VCe = 2.0 Vdc) 
2N2368 
2N2369 


20 
30 


10 
20 


— 


Collector-Emitter Saturation Voltaged) 
(lC =• 10 mAdc, Ib = 1.0 mAdc) 
2N2368, 2N2369, 2N3227 
2N2369A 


dC = 10 mAdc, Ib = 1.0 mAdc, Ta = +125°C) 
2N2369A 
(lC = 30 mAdc, lB = 3.0 mAdc) 
2N2369A 


dC = 100 mAdc, Ib = 10 mAdc) 
2N2369A 
2N3227 


VCE(sat) 


- 
0.25 
0.20 


0.30 
0.25 


0.50 
.45 


Vdc 


Base-Emitter Saturation Voltaged) 
dC ° 10 mAdc, Ib = 1.0 mAdc) 
All Types 
dC = 10 mAdc, Ib = 1.0 mAdc, Ta = +125°C) 
2N2369A 
dC = 10 mAdc, Ib = 1.0 mAdc, Ta = -55°C) 
2N2369A 
dC = 30 mAdc, Ib = 3.0 mAdc) 
2N2369A 


(lC = 100 mAdc, Ib = 10 mAdc) 
2N2369A 
2N3227 


vBE(sat) 
0.70 
0.59 


0.8 


0.85 


1.02 
1.15 


1.60 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
2N2368 
2N2369, 2N2369A, 2N3227 


fT 
400 
500 


- 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc. IE = 0, f = 140 kHz) 
All Types 
C0bo 
— 
4.0 
pF 


Input Capacitance 
(VBE ° 10 Vdc. IC = 0, f = 140 kHz) 
2N3227 
Cibo 
— 
4.0 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCC = 10V,VEB = 2.0Vdc, 
N 
100 mA, Ibi = 10 mA) 
zn 
• 
td 


— 
5.0 
ns 


Rise Time 
tr 


— 
18 
ns 
Storage Time 
dC = IBI = 10 mAdc, Ib2 = -10 mAdc) 
2N2368 
dC = 100 mAdc, Ibi = lB2 = 10 mAdc, Vcc = 10V) 
2N2369A 
2N3227 


ts 


- 
10 
13 
13 


ns 


Fall Time 
(Vcc = 10 V, lc = 100 mA, Ibi = lB2 = 10 mA) 
2N3227 
tf 
— 
15 
ns 


Turn-On Time 
dC = 10mAdc, Ibi = 3.0 mA, Ib2 = -1.5 mA, Vcc = 3.0Vdc) AllTypes 
ton 
— 
12 
ns 


Turn-Off Time 
dC ** 10 mAdc, Ibi = 3.0 mA, Ib2 = -1.5 mA, Vcc = 30 Vdc) 
2N2368 
2N2369, 
2N2369A, 
2N3227 


toff 


- 
15 
18 


ns 


Total Control Charge 
dC = 10 mA. Ib = 1.0 mA, Vcc = 3.0 V) 
2N3227 
Or 
— 
50 
pC 


(1) Pulse Test: Pulse Width =s300 fts, Duty Cycle * 2.0%. 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 


FIGURE 1-Ln CIRCUIT-10 mA 


3 V i 
—J 
«• k- 
+-10.6 V 
C 
\ 


-1.5 V —* 
v— 
-*\ [*- < 1n* 


PULSE WIDTH (tO = 300 ns 
.DUTY CYCLE = 2% 


+ 10.8 V 


FIGURE 2-U CIRCUIT-100 mA 


•+\ 
t. k- 


PULSE WIDTH (t.) = 300 ns 
OUTY CYCLE = 2% 


FIGURE 3-U CIRCUIT-10 mA 


+10.75 V 


.Jci*<4pf 


PULSE WI0TH(t0= 300 ns 
DUTY CYCLE = 2% 


FIGURE 4-U CIRCUIT-100 mA 
"XL 


-8.6 V 
V—* 


o—VW- 
10 V 
95n 


-8.6 V 
hS—' 
)-VW 
•~\ \—< 1ns 
IK 


PULSEWIDTH(10 BETWEEN 10 AND500at 
DUTY CYCLE = 2% 
1M918 


* Total shunt capacitance of test jigand connectors. 


zx.—* 


:c»<i2pf 


FIGURE 5 — TURN-ON AND TURN-OFF TIME 
TEST CIRCUIT 
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TURN-OFF WAVEFORMS 
"vTy^ 
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/ 
90% 


V„=+12V 
V;. - - 15V 
*l»n •» 


0.0023 fj , 


50Q 
0.005 itF OOOS/tF 
PULSEGENERATOR 
V.. RISETIME < 1 ns 
SOURCE IMPEOANCE - 50« 
PW^300ns 
DUTYCYCLE < 2% 
^ 
0.1MF 
0lMF ^!VCC=3V 
X 


RGURE 6 — JUNCTION CAPACITANCE VARIATIONS 


— — LIMIT 1 
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1j 
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> 
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s. 
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MOTOROLA SEMICONDUCTORS 
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RGURE 7 — TYPICAL SWITCHING TIMES 
IIllll 
B,= 10 .. 
Vcc=10V_. 
Vol = 2V 


t. 
Vcc =:31 ) 


v« 
1( V 


s!1 
J, 
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.' 
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20 


lc. COLLECTOR CURRENT (mA) 
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2N2368, 2N2369.A, 2N3227 


RGURE 8 — MAXIMUM CHARGE DATA 


3UU ""1 
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Or. 
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' 
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V 
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20 


lc, C0LLEC10R CURRENT (mA) 


RGURE 10 — TURN-OFF WAVE FORM 


50 
100 


RGURE 9 — Qt TEST CIRCUIT 


3Vo—<SrW 
270 
10 pf max 
¥ 
Mh 
< 1 itsee • 


PULSEWIDTH(ti).= 5 jisec 
OUTY CYCLE = 2% 


VALUES REFER TO 
le= 10 mATEST POINT 


RGURE 11 — STORAGE TIME EQUIVALENT TEST CIRCUIT 


RGURE 12 — MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


5 
0.8 


' 
\\ 


i°C - 


lc =:3l lA 
1lc=lOmA 
\ 1 
c 
— 30 m X 
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2N2368, 2N2369,A, 2N3227 


1 
50 


RGURE 13 — MINIMUM CURRENT GAIN CHARACTERISTICS 


Tj = 125°C 


\ a 
=:1V 


Tj = 7S°C 
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1 
_ 
/ 
•Tj 
^^ 


Tj 
= 
- -55°C 
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ic, COLLECTOR CURRENT (mA) 


RGURE 14 — SATURATION VOLTAGE UMITS 
RGURE 15 — TYPICAL TEMPERATURE COEFRCIENTS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
15 
Vdc 


Collector-Base Voltage 
VcbO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Total Device Dissipation @ Ta. = 25°C 
Derate above 25°C 
pd 
0.36 
2.06 
Watt 
mW/°C 


Total Device Dissipation @ Tq - 25°C 
Derate above 25°C 
pd 
1.2 
6.9 
Watts 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2481 


JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Symbol 
MIn 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dC = 30 mAdc, Ig = 0) 
V(BR)CEO 
15 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
«C = 1.0fiAdc.VBE = 0) 
V(BR)CES 
30 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 jiAdc, Ie = 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 Vdc, VBe = 3.0 Vdc) 
(Vce = 20 Vdc, Vbe = 3.0 vdc, Ta = isco 


'CEX 


- 
0.05 
15 


ftAdc 


Emitter Cutoff Current 
(Veb = 4.o vdc, ic = o) 
>EBO 
— 
100 
nAdc 


Base Cutoff Current 
(vCe = 20 vdc, vBe = 3.o vdc) 
>BL 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
dC " 10 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, VCe = 1.0 Vdc, Ta = -55°C)(1) 
(lC = 150 mAdc, VCe = 1.0Vdc)(1) 


hFE 
25 
40 
20 
20 


120 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc)(1) 


vCE(sat) 


- 
0.25 
0.40 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
(lC - 100 mAdc, Ib = 10 mAdc)(1) 


vBE(sat) 
0.7 
0.82 
1.25 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb ° 5.o v. ic ° o. f = 1.0 mhz) 


Input Capacitance 
(Veb ° osv,f = 1.0mhz) 


Small-Signal Current Gain 
(VCE ° 10 V. 'C " 10 mA, f = 100 MHz) 
Real Part of Input Impedance 
dC = 10 mA, Vce = 10 V, f = 250 MHz) 


SMALL-SIGNAL DEVICES 
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Cobo 
5.0 
PF 


Cjb0 
7.0 
PF 


hfe 
3.0 


Re(hie) 
Ohms 


MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwisenoted.) 
| 
Characteristic 
Symbol 
| 
Min 
) 
Max 
Unit 
I 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = 10 mA, Ibi = 10 mA, Iq2 = 10 mA> 
<s 
— 
20 
ns 


Turn-On Time 
dC = 100 mA, Ibi = 10 mA, VBE(off) = 2.0 V) 
(lC = 10 mA, lBi = 1.0 mA, VBE(off) = 20 V) 


•on 


- 
40 
75 


ns 


Turn-Off Time 
dC = 100 mA (si = 1° mA, Ifl2 = 5.0 mA) 
dC = 10 mA, Ibi = 1.0 mA >B2 = °-5 mA) 


«off 


- 
55 
45 


ns 


(1) Pulse Width =s 300 us, Duty Cycle =s 2.0%. 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


S 
0.8 


§ 
£5 


3 
-. 


1j- 25°C 


lc = lOmAc 
lc 
=20i lAtte 
I lc=5ImAdc 
\lc=100 m/idc 


§ 
0.4 


0.3 
0.5 
0.7 
1.0 
2.0 
3.0 


li. BASE CURRENT ImA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


5.0 
7.0 
10 


Vci- lVde- 
Tj = 125-C 


Tj = 75,,C 


Tj = 25"C 


Tj = -15°C 
| 
1 
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5.0 
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70 
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lc. COLLECTOR CURRENT (mA) 
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2N2481 


UMITSOFSATURATION VOLTAGES 


u 


1.6 
«: 


10 
?5°C 


VK(m») " 


MINVifUtri. 


Vet t«tj 


\2 


1.0 
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02 
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lc, COLLECTOR CURRENT (mA) 


TYPICAL TEMPERATURE COEFFICIENTS 
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lc. COLLECTOR CURRENT (mA) 


TYPICAL SWITCHING CHARACTERISTICS 


TURN-ON TIMEVARIATIONS WITHVOLTAGE 
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RISETIMEBEHAVIOR 


-nr1 1 1 
1— 
Vcc - 
lOVde 
fit 
—T -25°C 
Tj-125°C 


5.0 
1.0 


0 
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lc, COLLECTOR CURRENT CmA) 


FALLTIME BEHAVIOR 
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lc. COUECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


2N2481 


JUNCTION CAPACITANCE VARIATIONS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
360 
2.06 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
6.85 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&ic 
146 
'CAN 


Thermal Resistance, Junction to Ambient 
RfljAd) 
485 
'CAN 


Lead Temperature 
1/16" from Case for 10 Seconds 
tl 
300 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


2N2484 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2481 for graphs. 


MIn 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, Iq = 0) 
V(BR)CEO 
60 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 10 /uAdc, Ie - 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie - 
10 jxAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 45 Vdc« >E = °) 
(VCb = 45 Vdc, l£ = 0, TA = 150°C) 
>CBO 
— 
10 
10 
nAdc 
ftAdc 


Emitter Cutoff Current 
(Vbe = 5-° Vdc> >C = °) 
>EBO 
— 
— 
10 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 1.0 uAdc, Vce = 5.0 vdc' 
"FE 
30 
190 
dC = 10 Mdc, VCe = 50 Vdc) 
100 
250 
500 
dC = 10 MAdc, VCe = 5.0 Vdc, TA = 55°C) 
20 
40 
— 
dC = 100 uAdc, Vce = 5.0 Vdc) 
175 
275 
— 
dC = 500 MAdc, Vce = 50 Vdc) 
200 
300 
— 
(lC = 10 mAdc, VCe = 5.0 Vdc) 
250 
350 
— 
dC = 10 mAdc, Vce = 5.0 Vdc)(1) 
— 
400 
800 
Collector-EmitterSaturation Voltage 
dc = 1.0 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 


— 
0.25 
0.35 
Vdc 
Base-Emitter On Voltage 
dc = 0.1 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
0.5 
0.65 
0.7 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 0.05 mAdc, Vce = 5.0 Vdc, f = 
5.0 MHz) 
dC = 0.5 mAdc, Vce = 5.0 Vdc, f = 30 
MHz) 


fT 
15 
60 
50 
100 
- 


MHz 


Output Capacitance 
(Vcb = 5-0 Vdc, Ie = 0, f = 140 kHz) 
cobo 
— 
3.0 
6.0 
pF 
Input Capacitance 
(Vbe - °-5 Vdc, lc = 0, f = 140 kHz) 
Cjbo 
— 
4.0 
6.0 
PF 
Input Impedance 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hje 
3.5 
— 
24 
kO 
Voltage Feedback Ratio 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hre 
— 
— 
800 
X10-6 


Small-Signal Current Gain 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz 
hfe 
150 
— 
SOO 
— 


Output Admittance 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
h0e 


— 
— 
40 
Mmhos 
Noise Figure dc = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kn, 
f = 100 Hz, BW = 20 Hz) 
dC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kO, 
f = 1.0 kHz, BW = 200 Hz) 
(lC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kO, 
f = 10 kHz, BW = 2.0 kHz) 
dC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kn, 
f = 10 Hz to 15.7 kHz, BW = 15.7 kHz) 


NF 


- 


8.0 
10 


3.0 


2.0 


3.0 


dB 


(1) RflJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width =s300 ms. Duty Cycle « 2.0%. 
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MOTOROLA SEMICONDUCTORS 


2N2501 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VcbO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
6.0 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
0.36 
2.1 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
6.9 
Watts 
mW/"C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottage 
dC = 30 mAdc, Ib - 0, Pulsed) 
V(BR)CEO 
20 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 tiAdc, Ie = 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 tiAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vce ° 20 vdc, Vbe = 3.o vdc) 
<CEX 
— 
25 
nAdc 


Base Cutoff Current 
(Vce = 20 vdc, vBe = 3.o vdc) 
(Vce = 20 Vdc, VBe = 3.0 Vdc,TA = 150°C) 


>BL 
.- 
0.025 
50 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 nAdc, VCe = 10 Vdc) 
dC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc,Vce = 10 Vdc,Ta = -55°C) 
(lC = 50 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc, Vce •= 1.0Vdc) 
(lC = 500 mAdc, Vce = 5.0 Vdc) 


hpE 
20 
30 
50 
20 
40 
30 
10 


150 


Collector-Emitter Saturation Voltaged) 
dC = 10 mAdc,Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib =» 5.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


VCE(sat) 


- 


0.2 
0.3 
0.4 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


VBE(aat) 


- 


0.85 
1.0 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 20 Vdc, lc = 10 mAdc, f = 100 MHz) 
fT 
350 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
4.0 
PF 


Input Capacitance 
(VEb = 0.5 Vdc,lc = 0, f = 100 kHz) 
Cibo 
— 
7.0 
pF 


Small-Signal Current Gain 
(Vce = 20 Vdc, lc = 10 mAdc, f = 100 MHz) 
hfe 
3.5 
— 
^ 
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2N2501 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
| 
Min 
| 
Max 
Unit 


SWITCHING CHARACTERISTICS 


Charge Storage Time Constant 
(lC = IBI = >B2 = 10 mAdc) 
ts 
— 
15 
ns 


Total Control Charge 
dC = 10 mAdc, Ib = 1-0 mAdc) 
Or 
— 
60 
PC 


Active Region Time Constant 
dC = 10 mAdc) 
TA 
— 
2.5 
ns 


(1) Pulse Test: Pulse Width « 300 u.s. Duty Cycle =s2.0%. 


0.7 
COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 


0.6 


& 
0.5 
UJ 


s 
0.4 


e 


•a 
0.3 
o 
<J 


J* 
> 
0.2 


0.1 


lc/l,= 10 
TJ = 25°C 


c 
- 
1 )0mA 


c 
= 10mA 


c 
— 
50rr lA 


0.01 
0.1 
1 
10 
U, BASE CURRENT (mAdc) 
100 


2.0 


5 
1.6 
o 


UJ 


5 
1.2 


I 
0.8 
111 
UJ 


ca 
J 
0.4 


BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 


lc/1 


25°C 


= 10 


1 
10 
lc, COLLECTOR CURRENT (mAdc) 
100 
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1.0 


? 
0.5 


> 
E, 


i— 


o 
it 


o 


§-0.5 


TEMPERATURE COEFFICIENTS 


I 
1 
/l,= 10 
1 


— Vct 


9vc(25 to 
OC°C) 


-55 
[ e\e(- 
to 2 5°C) 


II 
|| 


— 
/« u<l 
II 
| | 
•#• 
On 


J 
1 


S-2.0 
2 


z£-2.5 


-3.0 


0. 2 
1 
10 
50 
100 
le, COLLECTOR CURRENT (mAdc) 


MOTOROLA SEMICONDUCTORS 


2N2501 


ACTIVE REGION TIME CONSTANT 


III 
ft 
1 
1 1 
:=15V 


' 


v 


v 
Vce — 3V 
\ 
s. 
1 


\ 
s 5m 
^ 


COMMON EMITTER DC 
LEAKAGE CHARACTERISTICS 


10.0 
? 
5.0 
% 


>— 
£ 
io 


Ve«= -1-20V 
1 
Tj = 150°C 


/ 
/ 


= 
0.5 


UJ 
ca 
g 
o.i 
£ °05 
< 
CO 
-^0.01 


—I— 
1 
1 
S 
— 
v„ n 
i 
THRESHOLD VOLTAGE 
rV 


f 
1 


1 
t 
_ 
oeor 


0.005 
f 
1 


.1 
1.0 
10 
lc, COLLECTOR CURRENT (mAdc) 
100 
200 
+0 5 
o 
-0.5 
-1.0 
-1.5 
-2.0 
-2.5 
-3.0 
Vo,, BASE-EMITTER REVERSE BIAS(VOLTS) 


RISE TIME FACTOR 


OJL* 


I 
1-6 
s 


8 
3 
M 


3 
5 1.2 
oc 


*/* 


20 
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FALL TIME FACTOR 


1.0 
3* 


i 
0.8 


g0.6 


5 
| 
§ 0.4 


^ 0.2 


0 
.02 
.OS 
01 
0.2 
OS 
1.0 
2.0 
5.0 
10 
20 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VceO 
30 
Vdc 


Collector-Emitter Voltage 
Vcer - 
40 
Vdc 


Collector-Base Vottage 
VcBO 
60 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.5 
2.86 
Watt 
mW/°C 


Total Device Dissipation @Tq = 25°C 
Derate above 25 C 
pd 
1.8 
10.3 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj, T8tg 
-65 to +200 
x 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2539 


CASE 22, STYLE 1 
TO-18 


SWITCHING TRANSISTOR 


NPN SIUCON 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dc = 100 mAdc, pulsed, Ib - 0) 
V(BR)CEO 
30 
— 
Vdc 


Collector-EmitterBreakdown Voltage 
dc = 100 mAdc, pulsed, Rbe * 10 il) 
V(BR)CER 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lc = 10 ftAdc, Ie = 0) 
V<BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie - 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vbe = 0.2 Vdc, Vce = 20 Vdc> 
'CEX 
— 
0.250 
uAdc 


Collector Cutoff Current 
(Vcb - 40 Vdc, Ie = 0) 
(Vcb = 40 vdc, ie = o, ta = i50°o 
'CBO 
0.250 
200 
ftAdc 


Emitter Cutoff Current 
(Veb = 3-0 Vdc, lc = 0) 
>EBO 
— 
0.05 
/iAdc 


Base Cutoff Current 
(Vbe = °.2 Vdc, Vce = 20 Vdc) 
(vBe = 0.2 vdc, vce = 20 vdc, ta = i50°o 
>BL 
0.250 
200 
jMAdc 


ON CHARACTERISTICSd) 


DCForward Current Gain 
dc - 1.0 mAdc, Vce - 10 vdc' 
2N2539 
hFE 
20 
— 
— 
(lC = 10 mAdc, Vce = 1° vdc> 
2N2539 
30 
— 
(lC = 150 mAdc, Vce = 10Vdc)(1) 
2N2539 
50 
150 
(lC = 500 mAdc, Vce = 10Vdc)(1) 
2N2539 
20 


— 
SMALL-SIGNAL CHARACTERISTICS 
' Output Capacitance (Vcb = 1°Vdc< 'E = 0,f = 100 kHz) 
C0bo 


— 
8.0 
pF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 


— 
25 
pF 


Small-Signal Current Gain 
(Vce - 20 Vdc, lc = 20 mAdc, f = 100 MHz) 
hfe 
2.5 
— 
— 


SWITCHING CHARACTERISTICS 


Storage Time 
dc = >B1 ° 'B2 = 20 mAdc, Vcc = 5.0 V) 
TS 


— 
20 
ns 


Active Region Time Constant 
TA 
— 
2.0 
ns 


Turn-On Time 
(Ibi = 'B2 = 15 mAdc, lc = 150 mAdc, 
Vcc = 7.0 Vdc, Rl = 40 O) 
'on 
— 
40 
ns 


Turn-Off Time 
(Ibi = <B2 = 15 mAdc, lc = 150 mAdc, 
Vcc = 7.0 Vdc, Rl = 40 O) 
toff 
— 
40 
ns 


Total Control Charge 
Or 
— 
760 
pC 


(1) Pulse Test: Pulse Width <s 300 /is, Duty Cycle <s 2.0%. 
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2N2605 


JAN, JTX AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vceo 
45 
V 


Collector-Base Voltage 
VCBO 
60 
V 


Emitter-Base Voltage 
vebo 
6 
V 


Collector Current — Continuous 
ic 
30 
mA 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
400 
2.28 
mW 
mwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Refer to 2N3982 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
lc = 10 mA (Pulse) 
v(BR)CEO 
45 
— 
V 


Collector-Base Breakdown Voltage 
dc - 10 ftA) 
V(BR)CBO 
60 
— 
V 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftA) 
V(BR)EBO 
6 
— 
V 


Collector Cutoff Current 
(Vcb = 45 v> 
'CBO 


— 
10 
nA 


Base-Emitter Short Circuit Current 
(Vce = 45 V) 
(Vce = 45 v, Ta = i70°o 
ices 
— 
10 
10 
nA 
ftA 


Emitter Cutoff Current 
(Vbe = 5.0 V) 
'EBO 
— 
2 
nA 


ON CHARACTERISTICS 


DCCurrent Gain(l) 
(Vce = 5.0 V, lc = 10 ftA) 
(Vce = 5.0 v, ic = 500 ^a) 
(Vce = 5.0 V, lc = 10 mA) 
(Vce = 5.0 V, lC = 10 ftA, TA = -55'C) 


hFE 
100 
150 


20 


300 


600 
- 


Collector-Emitter Saturation Voltage 
dc - 10 mA >b - 500 ftA) 
VCE(sat) 


— 
0.5 
V 


Base-Emitter Saturation Voltage 
dc - 10 mA, Ib - 500 uA) 
VBE(sat) 
0.7 
0.9 
V 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 5.0 V, Ie = 0, f = 1.0 MHz) 
Cobo 


— 
6 
PF 
Input Impedance 
(Vce = 5.0 V, lc = 1.0 mA, f = 100 MHz) 
hje 
— 
200 
n 


Input Impedance 
(Vcb = 50 V, Ie = 1.0 mA, f = 1.0 kHz) 
hib 
25 
35 
n 


Voltage Feedback Ratio 
(Vcb = 5.0 V, Ie = 1.0 mA, f = 1.0 kHz) 
"rb 


— 
10 
10-4 


Small-Signal Current Gain (Vcb = 5.0 V, Ie = 1.0 mA, f = 1.0 kHz) 
(Vcb = 5.0 V, lc = 500 uA, f = 30 MHz) 
hfe 
150 
1.0 
600 
— 


Output Admittance 
(Vcb = 50 V, Ie = 1.0 mA, f = 1.0 kHz) 
hob 
— 
1 
ftmho 


Noise Figure(2) 
(Vcb = 5.0 V, lc = 10 /iA, Rfl = 10 k O, BW = 15.7kHz) 
NF 
- 
3 
dB 


(1) Pulse Width < 300 usee, Duty Cycle * 2.0%. 
(2) Measured in amplifier with response down 3 db at 10 Hz. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
35 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
800 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.8 
4.57 
Watt 
mW/T 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
3.0 
17.14 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2800 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SILICON 


Refer to 2N2904 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
«C = 100 mAdc, Ib = 0) 
vCE0(sus) 
35 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 uAdc, lE = 0) 
v(BR)CBO 
50 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 25 Vdc, Vbe = 0.5 Vdc Off) 
'CEX 
— 
100 
nAdc 


Base Cutoff Current 
(Vce = 25 Vdc, VBe = 0.5 Vdc Off) 
IBL 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
dC = 150 mAdc, VCe = 10Vdc)(1) 
dC = 150 mAdc, Vce = 10 Vdc)(1) 
(lC = 500 mAdc, Vce = 10Vdc)(1) 


hFE 
20 
30 
15 
25 


90 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib - 50 mAdc) 


VCE(sat) 


- 
0.4 
1.2 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, lfl = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 


- 
1.3 
1.8 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc. Vce = 10 Vdc, f => 100 MHz) 
fT 
120 
- 
MHz 


Output Capacitance 
(VCb = 10 Vdc, f = 100 kHz) 
C0p0 
— 
25 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
td 
9 
25 
ns 


Rise Time 
tr 
25 
45 
ns 
Storage Time 
ts 
100 
225 
ns 


Fall Time 
tf 
30 
45 
ns 
(1) Pulse Test: Pulse Width =s300 us. Duty Cycle * 2.0%. 
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2N2894 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltaged) 
VCEO 
12 
Vdc 


Collector-Base Voltage 
VcbO 
12 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
360 
2.06 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1200 
6.85 
mW 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Refer to 2N889A for graphs. 


ELECTRICAL CHARACTERISTICS (TA 
25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 uAdc, Vbe = 0) 
V(BR)CES 
12 
— 
Vdc 


Collector-Emitter Sustaining Voltage(2) 
dc = 10 mAdc, Ib = 0) 
VcEO(sus) 
12 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 uAdc, Ie = 0) 
V(BR)CBO 
12 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 ftAdc,Iq = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 6.0 Vdc, Ie = 0, Ta = 125°C) 
'CBO 
— 
10 
uAdc 


Collector CutoffCurrent 
(Vce = 60 Vdc< VBE = 0) 
Ices 
— 
60 
nAdc 


Base Current 
(Vce = 6-° Vdc, Vbe = 0) 
ib 
— 
80 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
hFE 


— 
dC = 10 mAdc, Vce = °-3 Vdc) 
30 
— 
dC = 30 mAdc,Vce = °-5 Vdc) 
40 
150 
(lC = 30 mAdc,Vce " °-5 Vdc,Ta = -55°C) 
17 
— 
(lC = 100 mAdc, Vce = 10 Vdc)<2) 
25 
— 


Collector-Emitter Saturation Voltage(2) 
VCE(sat) 
Vdc 
dC ° 10 mAdc, Ib =• 1-0 mAdc) 
— 
0.15 
dC = 30 mAdc,Ib ° 3.0 mAdc) 
— 
0.2 
dC = 100 mAdc, Ib = 10 mAdc) 
— 
0.5 


Base-Emitter Saturation Voltage(2) 
VBE(sat) 
Vdc 
dC = 10 mAdc, Ib = 1-0mAdc) 
0.78 
0.98 
dC •= 30 mAdc, Ib = 3.0 mAdc) 
0.85 
1.2 
(lC =• 100 mAdc, Ib = 10 mAdc) 
— 
1.7 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc,Vce = 10 Vdc,f = 100 MHz) 
fT 
400 
— 
MHz 


Output Capacitance 
(Vcb = 50 Vdc, lE = 0, f = 140 kHz) 
C0bo 
— 
6.0 
PF 


Input Capacitance 
<VBE " -0-5 Vdc,lc = 0, f = 140 kHz) 
Cjbo 
— 
6.0 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC " 2.0 Vdc, Vbe " 3.0 Vdc, lc 
30 mAdc, Ibi ° 1-5 mAdc) 


Turn-Off Time 
(VCc = 2.0 Vdc, lc 
30 mAdc, Ibi ° lB2 " I-5 mAdc) 


(1) Applicable from 0.01 to 10 mAdc. 
(2) Pulse Test: Pulse Width = 300 jts, Duty Cycle =s2.0%. 
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60 


toff 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N2895 
2N2896 
2N2897 
UnH 


Collector-Emitter Voltage 
VCEO 
65 
90 
45 
Vdc 


Collector-Emitter Voltage 
VCER 
80 
140 
60 
Vdc 


Collector-Base Voltage 
VcBO 
120 
140 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
"C 
1.0 
Adc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 
0.5 
2.86 
Watt 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
1.8 
10.3 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


2N2895 
2N2896 
2N2897 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC =100 mAdc, Rbe = 10 ohms) 
2N2895 
2N2896 
2N2897 


V(BR)CER 
80 
140 
60 


- 
Vdc 


Collector-Emitter Sustaining Voltaged) 
(lC = 100 mAdc, lB = 0) 
2N2895 
2N2896 
2N2897 


vCEO(sus) 
65 
90 
45 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 
2N2895 
2N2896 
2N2897 


V(BR)CBO 
120 
140 
60 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
v(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc. ic = o) 


(Vcb = 60 Vdc, iE = o, Ta = + i50°o 


(Vcb = so vdc, ie = o» 
(Vcb = 90 Vdc, Ie = 0, TA = +150°C) 


2N2895 
2N2896 
2N2897 


2N2895 
2N2897 


2N2896 
2N2896 


>CBO 


- 


0.002 
0.01 
0.05 


2.0 
50 


0.01 
10 


uAdc 


Emitter Cutoff Current 
(vBe = 5.o vdc, ic = o) 
2N2895 
2N2896 
2N2897 


>EBO 


- 


0.005 
0.01 
0.05 


ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 


_ 
dC = 10 uAdc, Vce = 10 Vdc) 
2N2895 
10 
— 
(lC = 100 uAdc, VCe = 10 Vdc) 
2N2895 
20 
— 
dC = 1.0 mAdc, VC£ = 10 Vdc) 
2N2896, 2N2897 
35 
— 
(lC = 10 mAdc, Vce = 10 Vdc) 
2N2895 
35 
— 
dC = 10 mAdc, Vce = 10 Vdc, Ta = -55°C) 
2N2895, 2N2896 
20 
— 


dC = 150 mAdc, Vce = 10 VdcKD 
2N2895 
40 
120 
2N2896 
60 
200 
2N2897 
50 
200 


dC = 500 mAdc, VCe = 10 VdcKD 
2N2895 
25 
— 
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2N2895, 2N2896, 2N2897 


ELECTRICAL CHARACTERISTICS(continued) (Ta = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Collector-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
2N2895, 2N2896 
2N2897 


VcE(sat) 


- 
0.6 
1.0 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
2N2895, 2N2896 
2N2897 


VBE(sat) 


- 
1.2 
1.3 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
2N2895, 2N2896 
2N2897 


fT 
120 
100 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
CODo 
— 
15 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, IC = 0, f = 100 kHz) 
Cibo 
— 
80 
PF 


Small-Signal Current Gain 
dC = 5.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
2N2895 
2N2896, 2N2897 


hfe 
50 
50 
200 
275 


— 


Noise Figure 
dC = 0.3 mAdc. Vce = 10 Vdc, Rs = 500 ohms, 
2N2895 
f = 1.0 kHz, BW = 15 kHz) 


NF 


8.0 


dB 


(1) Pulse Test: Pulse Width « 300 us. Duty Cycle * 1.8%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Non-A Suffix 
A-Suffix 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
60 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


2N2904.A 
2N2905A 
2N2906A 
2N2307.A 
2N3485A 
2N3486.A 


Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 


PD 
600 
3.43 
400 
2.28 
400 
2.28 
mW 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25X 


pd 
3.0 
17.2 
1.8 
10.3 
2.0 
11.43 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta ° 25'C unless otherwise noted.) 


2N2904.A, 2N2905A 
2N2906A 2N2907A 
2N3485.A, 2N3486.A 


JAN, JTX, JTXV AVAILABLE* 


CASE 79-02, STYLE 1 
2N2904/2905 TO-39 (TO-205AD) 
CASE 22-03, STYLE 1 
2N2906/2907 TO-18 (TO-206AA) 
CASE 26-03, STYLE 1 
2N3485/3486 TO-46 (TO-206AB) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
Non-A Suffix 
A-Suffix 


V(BR)CEO 
40 
60 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 fiAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 30 Vdc. Vbe = 0.5 Vdc) 
'CEX 
— 
— 
50 
nAdc 


Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 
Non-A Suffix 
A-Suffix 


(Vcb = 50 Vdc, lE = 0, TA = 150X) 
Non-A Suffix 
A-Suffix 


'CBO 


— 


_ 


0.020 
0.010 


20 
10 


uAdc 


Base Current 
(Vce = so vdc, vBe •= 0.5 vdc) 
IB 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 
dC = 0.1 mAdc, Vce = 10 Vdc) 
2N2904, 2N2906, 2N3485 
20 
— 
2N2905, 2N2907, 2N3486 
35 
— 
2N2904A, 2N2906A, 2N3485A 
40 
— 
2N2905A, 2N2907A, 2N3486A 
75 
— 
— 


dC = 1.0 mAdc, Vce = 10 Vdc) 
2N2904, 2N2906, 2N3485 
25 
_ 


2N2905, 2N2907, 2N3486 
50 
2N2904A. 2N2906A, 2N3485A 
40 
2N2905A, 2N2907A, 2N3486A 
100 
— 
— 


dC = 10 mAdc, VCe = 10 Vdc) 
2N2904, 2N2906, 2N3485 
35 


_ 


2N2905, 2N2907, 2N3486 
75 
_ 
2N2904A, 2N2906A 2N3485A 
40 
2N2905A, 2N2907A, 2N3486A 
100 
— 
— 


dC = 150 mAdc, VCe = 10 VdcKD 
2N2904A, 2N2906A, 2N3485.A 
40 


^ 
120 
2N2905A, 2N2907A 2N3486A 
100 
— 
300 


♦ALSO AVAILABLE 2N2905ALJANS AND 2N2907AJANS 
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2N2904.A, 2N2905.A, 2N2906.A, 2N2907,A, 2N3485.A, 2N3486,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


(lC = 500 mAdc, Vce = 10 VdcKD 
2N2904,2N2906,2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


20 
30 
40 
50 


- 
- 


Collector-Emitter Saturation Voltaged) 
(lC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VCE(sat) 


- 
- 
0.4 
1.6 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc)(1) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 


- 
- 
1.3 
2.6 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 50 mAdc. Vce = 20 Vdc,f = 100 MHz) 
fT 
200 
— 
— 
MHz 


Output Capacitance 
(VCb = 10 Vdc, Ie = O,f = 100.kHz) 
C0bo 
— 
— 
8.0 
pF 


Input Capacitance 
(Vbe = 2.0 Vdc, IC = 0, f = 100 kHz) 
Cibo 
— 
— 
30 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
Igi - 15 mAdc) 


ton 
—. 
26 
45 
ns 


Delay Time 
td 


— 
6.0 
10 
ns 


Rise Time 
tr 
— 
20 
40 
ns 


Turn-Off Time 
(Vcc = 6.0 Vdc, lc = 150 mAdc, 
IBI ~ 'B2 ~ 15 mAdc) 


toff 


— 
70 
100 
ns 


Storage Time 
ts 
— 
50 
80 
ns 


Fall Time 
tf 
- 
20 
30 
ns 


(1) Pulse Test: Pulse Width « 300 fts, Duty Cycle « 2.0.% 
(2)fr is defined as the frequency at which |hfe| extrapolates to unity. 
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2N2944 
thru 
2N2946 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N2944 
2N2945 
2N2946 
Unit 


Emitter-Collector Voltage 
vEco 
10 
20 
35 
Vdc 


Collector-Base Voltage 
VCBO 
15 
25 
40 
Vdc 


Emitter-Base Voltage 
VebO 
15 
25 
40 
Vdc 


Collector Current — Continuous 
"C 
100 
mAdc 


Total Device Dissipation 


<S> Ta = 25°C 
Derate above 25°C 


pd 
400 


2.3 


mW 


mW/°C 


Total Device Dissipation 
@ Tc = 25X 
Derate above 25°C 


pd 
2.0 


11.43 


Watts 


mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 


- 
65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rwc 
87.5 
'CAN 


Thermal Resistance, Junction to Ambient 
R&JA 
435 
'CAN 


Refer to 2N2944A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unh 


OFF CHARACTERISTICS 
Collector CutoffCurrent (Vcb = 15Vdc, l£ = 0) 
2N2944 
(Vcb = 25 Vdc, Ie = 0) 
2N2945 
(VCb = 40 Vdc, Ie = 0) 
2N2946 


'CBO 
— 
— 
0.1 
0.2 
0.5 


nAdc 


Emitter Cutoff Current 
(VEb = 15 Vdc, lc = 0) 
2N2944 
(VEb = 25 Vdc, lc = 0) 
2N2945 
(Veb = 40 Vdc, lc = 0) 
2N2946 


*EBO 


- 
- 


0.1 
0.2 
0.5 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0mAdc,Vce = 0.5Vdc) 
2N2944 
2N2945 
2N2946 


hFE 
80 
40 
30 


180 
160 
130 


- 


•DC Current Gain (inverted connection) 
(lB = 200 ftAdc, V£C = 0.5Vdc) 
2N2944 
2N2945 
2N2946 


hFE(inv) 
6.0 
4.0 
3.0 


20 
17 
15 


- 


Offset Voltage 
(IB = 200/«Adc, Ie = 0) 
2N2944 
2N2945 
2N2946 


(lB = 1.0mAdc, Ie = 0) 
2N2944 
2N2945 
2N2946 


(IB = 2.0mAdc, l£ = 0) 
2N2944 
2N2945 
2N2946 


VEC(ofs) 


- 


0.18 
0.23 
0.27 


0.4 
0.5 
0.6 


0.8 
0.9 
1.0 


0.3 
0.5 
0.8 


0.6 
1.0 
2.0 


1.0 
1.6 
2.5 


mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 1.0mAdc,Vce = 6.0Vdc. f = 1.0 MHz) 
2N2944 
2N2945 
2N2946 


fT 
10 
5.0 
3.0 


15 
13 
12 


- 


MHz 


Output Capacitance (Vcb =» 6.0 Vdc, Ie = 0, f = 500 kHz) 
C0bo 
— 
3.2 
10 
pF 


Input Capacitance (Veb = 6.0 Vdc, lc = 0, f = 500 kHz) 
Cibo 
— 
1.9 
6.0 
pF 


"ON" Series Resistance 
(IB = 1.0mAdc, l£ = 0, lc = 100,uArms, f = 1.0kHz) 
2N2944 
2N2945 
2N2946 


rec 


- 


4.0 
4.5 
5.0 


20 
35 
45 


Ohms 


•Indicates Data in addition to JEDEC Requirements. 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 2N2944A 2N2945A 2N2946A 
Unit 


Emitter-Collector Voltage 
VECO 
10 
20 
35 
Vdc 


Collector-Base Vottage 
VCBO 
15 
25 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
15 
25 
40 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


PD 
400 
2.3 
mW 
mW/'C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
2.0 
11.43 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj- Tstg 
-65 to +200 
°C 


Lead Temperature 
1/16* from Case for 10 seconds 
tl 
240 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
435 
'CAN 


Thermal Resistance, Junction to Ambient 
RftJA 
87.5 
'CAN 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 


2N2944A 
2N2945A 
2N2946A 


JAN, JTX, JTXV AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-205AB) 


CHOPPER TRANSISTOR 


PNP SIUCON 


Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage 
(l£ = 10 ftAdc. IB = 0) 
2N2944A 
2N2945A 
2N2946A 


v(BR)ECO 
10 
20 
35 


— 


- 
Vdc 


Collector Cutoff Current 
(VCB = 15 Vdc, lE = 0) 
(Vcb = 25 Vdc, Ie = 0) 
2N2944A 
2N2945A 


<CBO 


- 
- 
0.1 
0.2 


nAdc 


(Vcb = 40 vdc, Ie = o) 
2N2946A 
— 
— 
0.5 


(Vcb = 15 Vdc, l£ = 0, Ta = 100°C) 
(Vcb = 25 vdc, iE = o, ta = ioo°c) 
2N2944A 
2N2945A 
_ 
10 
20 


(VCB = 40 Vdc, lE = 0, Ta = 100°C) 
2N2946A 
— 
25 
Emitter Cutoff Current 
(VEB = 25 Vdc, lC = 0) 
2N2944A 
2N2945A 


'EBO 


- 
- 
0.1 
0.2 


nAdc 


(vEb = 40 vdc, ic = o) 
2N2946A 
— 
— 
0.5 


(vEb = 25 vdc, ic = o, ta = iooxi 
2N2944A 
2N2945A 
10 
15 


(vEb = 40 vdc, ic = o, ta = iooxi 
2N2946A 
— 
— 
20 


DC Current Gain 
"FE 
dC = 1.0 mAdc, VCe = 0.5 Vdc) 
2N2944A 
100 
2N2945A 
70 
200 
_ 
2N2946A 
50 
200 
_ 
DC Current Gain (Inverted Connection) 
nFE(inv) 
(IB = 200 ftAdc. Vec = 0.5 Vdc) 
2N2944A 
50 
2N2945A 
30 
32 
2N2946A 
20 
25 
_ 
Offset Voltage 
vEC(ofs) 
mVdc 
(IB = 200 ftAdc, Ie = 0) 
2N2944A 
— 
0.23 
0.3 
2N2945A 
— 
0.4 
0.5 
2N2946A 


— 
0.7 
0.8 
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2N2944A, 2N2945A, 2N2946A 


ELECTRICAL CHARACTERISTICS (continued)(Ta = 25°C unless otherwise noted.) 


(IB = 10 mAdc, Ie = 0) 


(IB = 2.0 mAdc, Ie =• 0) 


Characteristic 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 1.0mAdc, Vce = 6.0Vdc,f = 1.0 MHz) 


Output Capacitance 
(Vcb ° 6-Q Vttc. 'e = o.f ° Q-1 MHz t010 MHz) 
Input Capacitance 
(VEB " 6.0Vdc, lc = 0,f = 0.1 MHz to 1.0MHz) 


2N2944A 
2N2945A 
2N2946A 


2N2944A 
2N2945A 
2N2946A 


2N2944A 
2N2945A 
2N2946A 


"ON" Series Resistance 
(In = 1.0mAdc, Ie = 0, le = 100,iArms,f = 1.0kHz) 
2N2944A 
2N2945A 
2N2946A 


RGURE1-VEC(on) 
1.0 Vac 
1.0 kHz 
-AAAy 
O 
1.0 k 


P 
Wv- 
(" 
) 
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o 


hfE versus lc 


Symbol 
Min 
Typ 
Max 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
20 
Vdc 


Collector-Base Voltage 
VCB0 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
600 
mAdc 
Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
PD 
3.0 
20 
Watts 
mWVC 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.6 
4.00 
Watt 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2959 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTORS 


NPN SILICON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, pulsed, Iq = 0) 
V(BR)CEO 
20 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 j^Adc, IC = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 30 vdc, Vbe = o.s vdc) 
'CEX 
— 
.050 
uAdc 


Collector Cutoff Current 
(Vcb = 50 vdc, i£ = o) 
(VCb = 50 Vdc, Ie = 0, TA = 150°C) 


'CBO 


- 
0.025 
15 


ftAdc 


Base Cutoff Current 
(Vce = 30 Vdc, VBE = 0.5 Vdc) 
>BL 
— 
.050 
ftAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 150 mAdc, Vce = 10 Vdc) 
hFE 
100 
300 
Collector-Emitter Saturation Voltaged) 
dc = 150mAdc,lg = 15 mAdc) 
VCE(sat) 


— 
0.5 
Vdc 
Base-Emitter Saturation Voltaged) 
dc = 150 mAdc, Iq = 15 mAdc) 
VBE(sat) 
— 
1.3 
Vdc 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mA, Vce = 20 V, f = 100 MHz) 
fT 
250 
- 
MHz 


Output Capacitance 
(Vcb = 10 V, lE = 0, f = 100 kHz) 
cobo 
— 
8.0 
pF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 V, Ics = 150 mA, Ibi =15 mA) 
td 
- 
20 
ns 


Rise Time 
(Vcc = 30 V,Ics = 150 mA, IB1 = 15 mA) 
tr 
— 
75 
ns 


Storage Time 
(Vcc = 6.0V,lCs = 150mA, IB1 =15 mA, 
lB2 = 15 mA) 


ts 
— 
300 
ns 


Fail Time 
(Vcc = 6.0 V,Ics = 150 mA,Ibi = 15 mA, 
'B2 = 15 mA) 


tf 
— 
200 
ns 


(1)Pulse Test: Pulse Width * 300 fts. Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


4-65 


2N3011 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Refer to 2N2368 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltaged) 
VCEO 
12 
Vdc 


Collector-Emitter Voltage 
VcES 
30 
Vdc 


Collector-Base Voltage 
vCbo 
30 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
Peak (10 ms Pulse) 
ic 
200 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.36 
2.06 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 


pd 
1.20 
0.68 
6.85 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA° 25"C unless otherwise noted.) 
Symbol 
Min 
Max 
Unit 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) 
dc ° 10 mAdc, Ib 


Collector-EmitterBreakdown Voltage 
dc ° 10 A*Adc, VBE " 0) 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc,Ie 
0) 


Emitter-BaseBreakdownVoltage (Ie ° 100^dc, |c = 0) 


CollectorCutoffCurrent (Vce = 20 VdcVbe = 0) 
(Vce ° 20vdc, Vbe ° o.ta ° +85°c) 


Base Cutoff Current 
(Vce " 20 Vdc, Vbe 
ON CHARACTERISTICS (2) 


0) 


DC CurrentGain dc = 10 mAdc, Vce = °-35Vdc) 
(lC = 30 mAdc,Vce = °-4 Vdc> 
(lC =• 100 mAdc, Vce " 1° Vdc> 


Collector-Emitter Saturation Voltage 
dc 
dc 
dC 
dC 


10 mAdc, Ib = 1.0 mAdc) 
30 mAdc, Ib = 3.0 mAdc) 


•• 100 mAdc, Ib = 10 mAdc) 
10 mAdc. Ib = 10 mAdc, TA ° +85°C) 


Base-Emitter SaturationVoltage dc = 10 mAdc,Ib = 1-0mAdc) 
(lC = 30 mAdc, Ib = 3.0 mAdc) 
(lC = 100mAdc, Ifl ° 10mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, Vce " 
OutputCapacitance (Vcb ° 5.0 Vdc, |E = Q, f = 140kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
dC " 'B1 ° -'82= 1° mAdc) 


10 Vdc, f = 100 MHz) 


Turn-On Time 
(VCC = 2-0 Vdc, VEB(off) = 0.'C = 30mAdc. Ifll = 3.0mAdc) 


Turn-Off Time 
(VCc ° 2.0Vdc, lc ° 30mAdc, Ibi ° -IB2 = 3-0 mAdc) 
(1)Applicable from 0.01mAto 10 mA(Pulsed). 
(2)Pulse Test: Pulse Length = 30 fts, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
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V(BR)CES 


V(BR)CBO 


V(BR)EBO 


'CES 


IBL 


hFE 


VcE(sat) 


VBE(sat) 


Cobo 


ton 


toff 


12 


30 


30 


5.0 


30 
25 
12 


0.72 


0.4 
10 


0.4 


120 


0.20 
0.25 
0.50 
0.30 


0.87 
1.15 
1.60 


4.0 


13 


15 


20 


Vdc 


Vdc 


Vdc 


Vdc 


MAdc 


MAdc 


Vdc 


Vdc 


MHz 


pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
12 
Vdc 


Collector-Base Voltage 
VCBO 
12 
Vdc 


Emitter-Base Voltage 
VEBo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
pd 
0.36 
2.06 
Watts 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
1.2 
6.85 
Watts 
mW/*C 
Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-65 to +200 
"C 


ELECTRICAL CHARACTERISTICS(TA = 250C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3012 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Refer to 2N869A for graphs. 


Symbol. 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage dc = 10 \xAdc, Vqe = 0) 
V(BR)CES 
12 
Vdc 
Collector-Emitter Sustaining Voltaged) dc = 10 mAdc, Ib = 0) 
(Emitter-Base Termination — Open Base) 
VCEO(sus) 
12 
— 
Vdc 


Collector-Base BreakdownVoltage dc = 10 pAdc, Ie = 0) 
v(BR)CBO 
12 
— 
Vdc 
Emitter-Base Breakdown Voltage (Ie = 100(iAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 
CollectorCutoffCurrent (Vce = 6.0 Vdc,Vbe - °> 
(Vce = 6.o vdc, Vbe = o, Ta = +85X) 
ices 
z 
80 
5.0 
txAdc 


Base Current 
(Vce = 6.0 Vdc,Vbe = 0) 
ib 
- 
30 
(iAdc 
ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, VCe = 0.3 Vdc) 
dC = 30 mAdc, Vce = 0.5 Vdc) 
dC = 100 mAdc. VCe = 10 Vdc)(1) 


hFE 
25 
30 
20 
120 


— 


Collector-Emitter Saturation Voltaged) 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 30 mAdc, Ib = 3.0 mAdc) 
dC = 30 mAdc,Ib =• 3.0 mAdc,Ta = +85°C) 
dC = 100 mAdc, Ib = 10 mAdc) 


VCE(sat) 


— 


0.15 
0.2 
0.4 
0.5 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 30 mAdc, Ib = 3.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


VBE(sat) 
0.78 
0.85 
0.98 
1.2 
1.7 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCb = 5.0 Vdc, lE = 0, f = 140 kHz) 
Cobo 
- 
6.0 
PF 


Input Capacitance 
(VEb = 0.5 Vdc, lC = 0, f = 140 kHz) 
Cibo 
— 
6.0 
PF 


Small-Signal Current Gain 
dC = 30 mAdc, Vce = 10 Vdc, f = 100 MHz) 
hfe 
4.0 
- 
- 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC " 2.0 Vdc,lc~30 mAdc,Ibi-1.5 mAdc) 
60 
Turn-Off Time 
(VCC = 2.0Vdc,lc~30 mAdc, IB1 ° lB2~1 5 mAdc) 
«off 
75 
(1)Pulse Test: Pulse Width = 300 \is. DutyCycle = 1.0%. 


SMALL-SIGNAL DEVICES 
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2N3013 
2N3014 


2N3013 JAN, JTX AVAILABLE 
CASE 27, STYLE 1 
TO-52 (TO-206AC) 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N3510 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltaged) 
2N3013 
2N3014 


VceO 
15 
20 


Vdc 


Collector-Emitter Voltage 
VceS 
40 
Vdc 


Collector-Base Voltage 
VcbO 
40 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
(10 fts pulse) Peak 
ic 
200 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
0.36 
2.06 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
@ Tc = 100°C 
Derate above 25°C 


pd 
1.20 
0.68 
6.85 


Watts 
Watt 
m\NrC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


(1)Applicable from 0.01 mA to 10 mA (Pulsed) 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 MAdc, Vbe ° Q) 


Collector-Emitter Sustaining Voltage(2) 
(lC = 10 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC = 100MAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE ° 100 MAdc, lc " 0) 


Collector Cutoff Current 
(Vce = 20 vdc. vBe = o) 
(Vce ° 20 vdc, Vbe = o. ta = + i2s°o 


Base Current 
(Vce ° 20vdc, Vbe ° o> 


2N3013 
2N3014 


Symbol 


V<BR)CES 


VCEO(sus) 


V(BR)CBO 


V(BR)EBO 


Ices 


MIn 


40 


15 
20 


40 


5.0 


Max 


0.3 
40 


0.3 


UnH 


Vdc 


Vdc 


Vdc 


Vdc 


MAdc 


ftAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 30 mAdc, Vce = 0.4 Vdc) 
(IC = 100mAdc,Vce = 0.5Vdc) 
2N3013 
(IC = 10mAdc,Vce = 04 Vdc) 
2N3014 
(lC = 300mAdc,Vce = 10 Vdc) 
2N3013 
(lC = 100mAdc,VCe = 10 Vdc) 
2N3014 
(IC = 30 mAdc,Vce = 0.4Vdc, Ta = -55°C| 


hFE 
30 
25 
25 
15 
25 
12 


120 


Collector-Emitter Saturation Voltage 
dC = 30 mAdc. Ib = 3.0 mAdc) 
dC = 100mAdc, Ib = 10 mAdc) 
2N3013 
(IC = 100mAdc,Ib = 10mAdc) 
2N3014 
(IC = 300mAdc,Ib = 30mAdc) 
2N3013 
(IC = 10mAdc,Ib = 10 mAdc) 
2N3014 
(lC = 30 mAdc, Ib = 3.0 mAdc, Ta = +125°C) 


VcE(sat) 


- 


0.18 
0.28 
0.35 
0.50 
0.18 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
(lC= 30 mAdc, Ib = 3.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 
(lC = 300mAdc,Ib = 30mAdc) 
2N3013 
dc = 10 mAdc, Ib = 1.0 mAdc) 
2N3014 


VBE(sat) 
0.75 


0.70 


0.95 
1.20 
1.70 
0.80 


Vdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc, VCe = 10 Vdc, f = 100 MHz) 
h 
350 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, lE = 0, f = 140 kHz) 
Cobo 
— 
5.0 
PF 


Input Capacitance 
(VBe = 0.5 Vdc, IC = 0, f = 140 kHz) 
Cibo 
— 
8.0 
PF 


SWITCHING CHARACTERISTICS 


Storage Time 
dc = 'B1 = 'B2 = 1° mAdc) 
ts 
— 
18 
ns 


Turn-On Time 
(VEB(off) = 5.0 V,Vcc = 15 V,lc = 300 mAdc,Ibi = 30 mAdc) 
2N3013 
<vEB(off) = 0. VCC = 2.0 V,lc = 30 mAdc,Ibi = 3.0 mAdc) 
2N3014 


ton 


- 
IS 


16 


ns 


Turn-Off Time 
(VCc = 15 V, lc =.300 mAdc, IB1 = Ib2 = 30 mAdc) 
2N3013 
(Vcc = 2.0 V, lc = 30 mAdc, Ibi = Ifl2 = 3.0 mAdc) 
2N3014 


toff 


- 
25 
25 


ns 


(2) Pulse Test: Pulse Width = 300 fts. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
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2N3019 
2N3020 
2N3700 


JAN, JTX, JTXV AVAILABLE 
2N3019, 2N3020 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3019 
2N3020 
2N3700 
Unh 


Collector-Emitter Voltage 
VcEO 
80 
80 
Vdc 


Collector-Base Voltage 
VCBO 
140 
140 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
7.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.8 
4.6 
0.5 
2.85 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
1.8 
10.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
-c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
2N3019 
2N3020 
2N3700 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
16.5 
70 
°c/w 


Thermal Resistance, Junction to Ambient 
RflJA 
89.5 
245 
"CAV 


ELECTRICAL CHARACTERISTICS (TA ° 25"Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 30 mAdc, Ib = 0) 
V(BR)CEO 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, lE = 0) 
V(BR)CBO 
140 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 MAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, Ie = o) 
(Vcb = 90 Vdc, Ie = 0, Ta = +150°C) 


'CBO 


- 
0.01 
10 


MAdc 


Emitter Cutoff Current 
(Vbe = 5.o vdc, ic = o( 
•ebo 
— 
0.010 
MAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 0.1 mAdc, Vce = 1° Vdc) 
2N3700, 2N3019 
2N3020 


(lC = 10mAdc, Vce = 10Vdc) 
2N3700, 2N3019 
2N3020 


(lC = 150mAdc, Vce = 10Vdc) 
2N3700, 2N3019 
2N3020 


(IC = 150mAdc, Vce = 10Vdc, Tc = -55X) 
2N3700, 2N3019 


dC = 500mAdc, Vce = 10Vdc) 
2N3700, 2N3019 
2N3020 


dC = 1.0Adc,VcE = 1° Vdc) 
All Types 


hFE 
50 
30 


90 
40 


100 
40 


40 


50 
30 


15 


100 


120 


300 
120 


100 


Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, Ib = 15 mAdc) 
(lC = 500 mAdc,Ib = 50 mAdc) 


VcE(sat) 


- 
0.2 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
1.1 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc,f = 20 MHz) 


MOTOROLA SEMICONDUCTORS 


2N3020 
2N3019, 2N3700 
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80 
100 
400 


MHz 


SMALL-SIGNAL DEVICES 


2N3019, 2N3020, 2N3700 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Output Capacitance 
(Vcb = 10 vdc, iE = o, f = 1.0 mhz) 
cobo 
- 
12 
PF 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
60 
PF 


Small-Signal Current Gain 
dC = 1.0 mAdc,Vce = 5.0 Vdc,f = 1.0 kHz) 
2N3700,2N3019 
2N3020 


hfe 
80 
30 
400 
200 


" 


Collector Base Time Constant 
(lE = 10 mAdc, Vcb = 10 Vdc, f = 4.0 MHz) 
2N3019, 2N3020 
2N3700 


rb'Cc 


15 
400 
400 


ps 


Noise Figure 
dC = 100 MAdc,Vce = 10 Vdc, 
2N3019, 
RS ° 1.0 k ohms, f = 1.0 kHz) 
2N3700 


NF 
4 
dB 


(1) Pulse Test: Pulse Width < 300 fts, Duty Cycle « 1.0%. 
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DC CURRENT GAIN 
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MOTOROLA SEMICONDUCTORS 
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TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3053 2N3053A 
Unit 
Collector-Emitter Voltaged) 
VCEO 
40 
60 
Vdc 


Collector-Base Voltage 
vCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
'C 
700 
mAdc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
PD 
5.0 
28.6 
Watts 
mW/"C 
Operating and Storage Junction 
Temperature Range 
TJ' Tstg 
-65 to +200 
"C 


Lead Temperature 1/16", ±1/32" From 
Case for 10 s 
TL 
+ 235 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&ic 
35 
'CAN 


(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width « 300 Msec., Duty Cycle « 2.0%. 
0 to 700 mA; Pulse Width <s 10 Msec, Duty Cycle < 2.0%. 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3053,A 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to 2N3019 for graphs. 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
dC = 100 MAdc, Ib = 0) 
2N3053 
2N3053A 


v(BR)CEO 
40 
60 


- 
Vdc 


Collector-Emitter Breakdown Voltage(2) 
(lC = 100 mAdc, Rbe = 10 ohms) 
2N3053 
2N3053A 


V(BR)CER 
50 
70 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc, l£ = 0) 
2N3053 
2N3053A 


v(BR)CBO 
60 
80 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc, lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 30Vdc,VBE(off) = 1-5Vdc) 
2N3053 
(Vce = 60Vdc,VBE(off) = 1-5Vdc) 
2N3053A 


>CEX 
~~ 
0.25 
MAdc 


Emitter Cutoff Current 
(Vbe = 4.0 Vdc, lc = 0) 
2N3053 
>EBO 
— 
0.25 
MAdc 


Base Cutoff Current 
(VCe = 60Vdc, VBE(off) = 1-5Vdc) 
2N3053A 
>BL 
— 
0.25 
MAdc 


ON CHARACTERISTtCS(l) 


DCCurrent Gain 
dc = 150 mAdc, Vce = 2.5 Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 
hpE 
25 
50 
250 


- 


Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, Ib = 15 mAdc) 
2N3053 
2N3053A 


VCE(sat) 


- 
1.4 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
2N3053 
2N3053A 


vBE(sat) 


0.6 
1.7 
1.0 


Vdc 


Base-Emitter On Voltage 
dC = 150 mAdc, Vce = 2.5 Vdc) 
2N3053 
2N3053A 


vBE(on) 


- 
1.7 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (lc = 50 mAdc, Vce = 10Vdc, f = 20 MHz) 
fT 
100 
MHz 
Output Capacitance 
(Vcb = 10Vdc, l£ = 0, f = 140kHz) 
cobo 


— 
15 
pF 
Input Capacitance (Vbe = 0.5 Vdc, lc = 0, f = 140 kHz) 
CjDo 
— 
80 
PF 
(2) Pulse Test: Pulse Width <s 300 ms. Duty Cycle * 2.0% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3073 


2N3073 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
360 
2.06 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
6.85 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 30 mAdc, Ib = 0) 
V(BR)CEO 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 MAdc,Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 30 Vdc, Vbe = 0) 
(vCe = 30 vdc, vBe = o, ta = i25°ci 
ices 


- 
10 
10 
nAdc 
MAdc 


Emitter Cutoff Current 
(Veb = 4-° Vdc, lc = 0) 
<ebo 
- 
100 
MAdc 


Base Current 
(Vce ° 30 Vdc, Vbe = °) 
ib 
- 
10 
nAdc 


ON characteristics 


DCCurrent Gain(1) dc = 50 mAdc, Vce = 10 Vdc) 
(lC = 50 mAdc, Vce = 10 Vdc, TA = -55°C) 
(lC = 300 mAdc, Vce = 2.0 Vdc) 


hFE 
30 
12 
15 


130 


Collector-EmitterSaturation Voltage 
dc = 50 mAdc, Ib = 2.5 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
VCE(sat) 


- 
0.25 
1.0 


Vdc 


Base-Emitter SaturationVoltage 
dc = 50 mAdc, Ib = 2.5 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
VBE(sat) 


- 
1.2 
2.0 


Vdc 


Base-EmitterOn Voltage 
dc = 50 mAdc, Vce = 1-0Vdc) 
VBE(on) 
— 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
130 
— 
MHz 


Output Capacitance 
(Vcb = 10Vdc, Ie = 0, f = 140 kHz) 
C0bo 
— 
10 
PF 


Input Impedance 
(lC = 10 mAdc,Vce = 10Vdc, f = 1.0kHz) 
"ie 
— 
1.5 
kohms 


Voltage Feedback Ratio 
dC = 10 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
"re 
— 
26 
xio-4 


Small Signal Current Gain 
(lC = 10 mAdc,Vce = 10Vdc. f = 1.0kHz) 
hfe 
25 
180 
— 


Output Admittance 
(IC = 10mAdc,Vce = 10Vdc, f = 1.0kHz) 
h0e 
— 
1200 
Mmhos 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N3073 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25*C unless otherwise noted.) 


Characteristic 
Symbol 
| 
MIn 
1 
Max 
1 
Unit 
| 


SWITCHING CHARACTERISTICS 


Tum-On Time 
dC~300 mAdc, Ibi"*30 mAdc) 
*on 
— 
40 
ns 


Turn-Off Time 
dC~300 mAdc, Ibi~IB2~30 mAdc) 
toff 
— 
100 
ns 


(1) Pulse Test: Pulse Width « 300 fts. Duty Cycle < 1.0%. 
(2)ff is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 -TURN-ON AND TURN-OFF SWITCHING TIMES TESTCIRCUIT 


PULSE GENERATOR 


SMALL-SIGNAL DEVICES 


tr. tf < 6.0 ns 
PW = 0.S»is 
Zjn = 50 n 


Vout 


MOTOROLA SEMICONDUCTORS 
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2N3114 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN StUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltaged) 
VCEO 
150 
Vdc 


Collector-Base Voltage 
VCBO 
150 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.8 
4.57 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj< Tstg 
-65 to +200 
•c 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = = 30 mAdc, Ib = 0) 
V(BR)CEO 
150 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc, Ie = 0) 
V(BR)CBO 
150 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc,lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = ioo vdc, ie = oi 
(Vcb = ioo vdc, ie = o. Ta = 150°C) 


>CBO 


- 
0.010 
10 


MAdc 


Emitter Cutoff Current 
(Veb = 4.o vdc, ic = oj 
<EBO 
— 
0.10 
MAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
(lC = 0.1 mAdc. Vce = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 
dC = 30 mAdc. Vce = 10 Vdc, Ta = -55°C) 


hFE 
15 
30 
12 
120 


Collector-Emitter Saturation Voltage(2) 
dc = 50 mAdc, Ib = 5.0 mAdc) 
VCE(sat) 
— 
1.0 
Vdc 


Base-Emitter Saturation Voltage(2) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 20 Vdc, lE = 0, f = 140 kHz) 
C0bo 
— 
9.0 
PF 


Input Capacitance 
(Veb = 0.5 Vdc, lC = 0, f = 140 kHz) 
Cibo 
— 
80 
pF 


Small-Signal Current Gain 
dC = 1.0 mA, Vce = 5.0 V,f = 1 kHz) 
hfe 
25 
— 
— 


Current Gain — High Frequency 
(Vce = 10 Vdc, lc = 30 mAdc, f = 20 MHz) 
Ihfel 
2.0 
— 


— 


Real Part of Input Impedance 
dC = 10 mA Vce = 10 V, f = 100 MHz) 
Re(hie) 
— 
30 
Ohms 


(1) Between 0 and 30 mA 
(2) Pulse Test: Pulse Width * 300 ms, Duty Cycle « 1.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3133 
2N3135 
Unit 


Collector-Emitter Voltage 
VCEO 
35 
35 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
50 
Vdc 


Emitter-Base Voltage 
VebO 
4.0 
4.0 
Vdc 


Collector Current — Continuous 
ic 
600 
600 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.6 
3.43 
0.4 
2.28 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C. 
pd 
3 
17.14 
1.8 
10.3 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-65 to +200 
°C 


2N3133 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


2N3135 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25"Cunless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-EmitterBreakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
35 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, l£ = 0) 
V(BR)CBO 
50 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = so v, Vbe = o.s v) 
'CEX 
— 
0.1 
MAdc 


Collector Cutoff Current 
(vCb = 30 vdc, Ie = o) 
(Vcb ° 30 Vdc, Ie =• 0, Ta = 150X) 


'CBO 


- 
0.05 
30 


MAdc 


Base Cutoff Current 
(Vce = 30 v, Vbe = 0.5 v) 
IBL 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC " 1.0 mAdc, Vce = 10 Vdc) 
dC = 150 mAdc, Vce = 10 VdcKD 


hFE 
25 
40 
120 


— 


Collector-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.6 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
1.5 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
— 
MHz 


Output Capacitance 
(Vcb " 10 Vdc, Ig = 0, f = 100 kHz) 
C0bo 
— 
10 
PF 


Input Capacitance 
(VBe = 2 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
40 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 V, lc = 150 mA, I81 = 15 mA) 
'on 
26 
75 
ns 


Turn-Off Time 
(Vcc = 6.0 V, lc = 150 mA, Ibi = Ifl2 = 15 mA) 
toff 
70 
150 
ns 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3227 
For Specifications, See 2N2368 Data. 


2N3244 
2N3245 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3244 
2N3245 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
50 
Vdc 


Collector-Base Voltage 
VCBO 
40 
50 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
«C 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
0.175 
°C/mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10mAdc, Ib = 0) 
2N3244 
2N3245 


V(BR)CEO 
40 
50 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 10MAdc, Ie = 0) 
2N3244 
2N3245 


V(BR)CBO 
40 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc.lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Base Cutoff Current 
(vCE = 30 vdc, Vbe = 3.0 vdc) 
'BEV 
— 
80 
nAdc 


Collector Cutoff Current 
(Vce = 30 vdc, Vbe = 3.o vdc) 
>CEX 
— 
50 
nAdc 


Collector Cutoff Current 
(Vcb = 30 Vdc. l£ = 0) 
(Vcb = 30 vdc, ie = o. ta = ioox) 


>CBO 


- 
0.050 
10 


MAdc 


Emitter Cutoff Current 
(Veb = 3.0Vdc,lc = 0) 
2N3245 
(Veb = 4.0Vdc,lc = 0) 
2N3244 


'EBO 


- 
30 
30 


nAdc 


ON CHARACTERISTICS 


DC Current Gain!1) 
(lC = 150 mAdc, Vce 
1.0 Vdc) 


dC = 500 mAdc, Vce = 10 Vdc) 


(lC = 1.0Adc,Vce = 5.0 Vdc) 


Collector-Emitter Saturation Voltaged) 
(lC = 150 mAdc,Ib = 15 mAdc) 


dC = 500 mAdc,Ib = 50 mAdc) 


(lC = 1-0Adc, Ib = 100 mAdc) 


MOTOROLA SEMICONDUCTORS 


2N3244 
2N3245 


2N3244 
2N3245 


2N3244 
2N3245 


2N3244 
2N3245 


2N3244 
2N3245 


2N3244 
2N3245 
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hFE 


VCE(sat) 


60 
35 


50 
30 


25 
20 


150 


SO 


0.3 
0.35 


0.5 
0.6 


1.0 
1.2 


Vdc 


SMALL-SIGNAL DEVICES 


2N3244, 2N3245 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
(lC = 1.0 Adc, Ib = 100 mAdc) 


VBE(sat) 


0.75 


1.1 
1.5 
2.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10Vdc, f = 100MHz) 
2N3244 
2N3245 


fT 
175 
150 


- 


MHz 


Output Capacitance 
(Vcb = 10Vdc, lE = 0, f = 100 kHz) 
Cobo 
— 
25 
PF 


Input Capacitance 
(Veb ° O-5 Vdc, |C = 0, f = 100 kHz) 
Cjbo 
— 
100 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(lC = 500 mA, Ibi = 50 mA 
2N3244 
VEB = 2.0 V,Vcc = 30 V) 
2N3245 


td 
— 
15 
ns 


Rise Time 
tr 
— 
35 
40 


ns 


Storage Time 
dC = 500 mA, VCc = 30 V 
2N3244 
IBI = >B2 = 50 mA) 
2N3245 


«s 
— 
140 
120 


ns 


Fall Time 
tf 
— 
45 
ns 


Total Control Charge 
dC = 500mA,Ib = 50 mA,Vcc = 30 V) 
2N3244 
2N3245 


Or 
I 
14 
12 


PC 


(1) Pulse Test: PW * 300 ms, Duty Cycle « 2.0%. 
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FIGURE 2- COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 
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FIGURE 3 - 
MAXIMUM SATURATION VOLTAGES 
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FIGURE 4 - TYPICAL TEMPERATURE COEFFICIENTS 
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FI6URE 5 - 
JUNCTION CAPACITANCE 
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FIGURE 7-CHARGE DATA 
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FI6URE6-TYPICAL SWITCHING TIMES 
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2N3249 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating ' 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
12 
Vdc 


Collector-Base Voltage 
VCBO 
15 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mA 


Total Device Dissipation @ T/v, = 25°C 
Derate above 25°C 
PD 
0.36 
2.06 
Watt 
mW/T 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
Pd 
1.2 


• 
6.9 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°c 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC ° 10ftAdc, \£ = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10ftAdc. lc " 0) 


Base Cutoff Current 
(Vce ° io vdc, Vbe = i.ovdc> 


Collector Cutoff Current 
(Vce = 10 vdc, Vbe = 1.0vdc) 
(Vce = 10vdc vbe ° 10 vdc. Ta = ioo'C) 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 0.1 mAdc, Vce = 10 Vdc) 
dC = 1.0 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc, Vce =" 1° Vdc) 
dC = 50 mAdc,Vce = 1° Vdc) 
(lC = 100 mAdc, Vce " 10 Vdc) 


Collector-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 10 mAdc) 
dC = 60 mAdc,Ib = 5.0 mAdc) 
dC =• 100 mAdc, Ib s 10 mAdc) 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1-0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
(lC ° 100 mAdc, Ib ° 10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC " 20 mAdc, Vce ° 10Vdc. f = 100MHz) 


Output Capacitance 
(vCb = io vdc ie 


Input Capacitance 
(Vbe - 1.0 Vdc, lc 


0, f = 100 kHz) 


0, f = 100 kHz) 


MOTOROLA SEMICONDUCTORS 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'BEV 


"CEX 


hFE 


VCE(sat) 


VBE(sat) 


Cobo 


CjDo 
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Min 


12 


15 


5.0 


100 
100 
100 
75 
35 


0.6 
0.7 


300 


Max 


0.05 
5.0 


300 


0.125 
0.25 
0.45 


0.9 
1.1 
1.3 


8.0 


8.0 


Unh 


Vdc 


Vdc 


Vdc 


nAdc 


ftAdc 


Vdc 


Vdc 


MHz 


pF 


PF 


SMALL-SIGNAL DEVICES 


2N3249 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25"C unless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unh 


SWITCHING CHARACTERISTICS 


Delay Time 
lC = 100 mA, Ib = 10 mA, 
vBe = 0.5 v, vCc = 10 v 
td 


— 
5.0 
ns 


Rise Time 
tr 
— 
15 
ns 


Storage Time 
lC = 100 mA, Ibi = lB2 " 10 mA, 
vCc = 10 v 
ts 


— 
60 
ns 


Fall Time 
tf 
— 
20 
ns 


Turn-On Time 
lC = 10 mA, Ibi - 1.0 mA, 
Vbe = 0.5 v, vcc = 3.0 v 
ton 
— 
90 
ns 


Turn-Off Time 
lC = 10 mA, Ibi = Ifl2 = 1-° mA, 
VCC = 3.0 V 
toff 
— 
100 
ns 


Total Control Charge 
dC = 10 mA, Ib = 0.25 mA, Vcc = 3.0 V) 
Or 
— 
150 
PC 


(1) Pulse Test: Pulse Width = 300 fts. Duty Cycle *s 2.0%. 
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FIGURE 4- MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3249 
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FI6URE5 - 
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FIGURE 7 COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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FIGURE 9-TYPICAL TEMPERATURE COEFFICIENTS 
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FIGURE 11-TURN-OFF WAVE FORM 
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2N3250,A 
2N3251,A 


2N3250A.2N3251A 
JAN, JTX, JTXV AVAILABLE 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE TRANSISTOR 
PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3250 
2N3251 
2N3250A 
2N3251A 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
60 
Vdc 


Collector-Base Voltage 
VCBO 
50 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.36 
2.06 
Watt 
mW/T 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
6.9 
Watts 
mW/T 


Operating and Storage Temperature 
Temperature Range 
Tj. T8tg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
0.15 
mW/°C 


Thermal Resistance, Junction to Ambient 
RflJA 
0.49 
mW/°C 


ELECTRICAL CHARACTERISTICS Oa = 2S'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
2N3250, 2N3251 
(lC = 10 mAdc) 
2N3250A, 2N3251A 
v(BR)CEO 
40 
60 


— 
Vdc 


Collector-Base Breakdown Voltage 
2N3250, 2N3251 
(lC = 10 ftAdc) 
2N3250A2N3251A 
V(BR)CBO 
50 
60 


— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(vCe = 40 vdc, vBe = 3° vdc) 
'CEX 
— 
20 
Adc 


Base Cutoff Current 
(Vce = 40 vdc, Vbe = 3.o vdc) 
>BL 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Forward Current Transfer Radio (1) 
(lC = 0.1 mAdc,Vce = 10 Vdc) 
2N3250, 2N3250A 
2N3251, 2N3251A 


dC = 1-0mAdc,Vce = 1-0Vdc) 
2N3250, 2N3250A 
2N3251, 2N3251A 


(lC = 10mAdc, VCe = 10 Vdc) 
2N3250, 2N3250A 
2N32S1, 2N3251A 


dC = 50mAdc,Vce = 10 Vdc) 
2N3250, 2N3250A 
2N3251, 2N3251A 


hFE 
40 
80 


45 
90 


50 
100 


15 
30 


150 
300 


Collector-Emitter Saturation Voltage (1) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(lC - 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.25 
0.5 


Vdc 


Base-Emitter Saturation Voltage (1) 
dC = 10 mAdc, Ib = 1-0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.6 
0.9 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
2N3250, 2N3250A 
(lC = 10mAdc,Vce = 20Vdc, f = 100MHz) 
2N3251, 2N3251A 
*T 
250 
300 


— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
Cobo 
— 
6.0 
pF 


Input Capacitance 
(Vcb " 1° Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
8.0 
pF 
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2N3250.A, 2N3251.A 


ELECTRICAL CHARACTERISTICS (continued)(Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Max 
Unit 
Min 


Input Impedance 
(lc = 1.0mA,Vce = 10 V.f = 10 kHz) 


2N3250, 2N3250A 
2N3251, 2N3251A 
1.0 
2.0 
6.0 
12 
kohms 


Voltage Feedback Ratio 
(IC = 1.0 mA VCE - 10V.f 
1.0 kHz) 
2N3250, 2N3250A 
2N3251, 2N3251A 
X10"4 


Small-Signal Current Gain 
(lC= 1.0mA,Vce = 10 V.f = 1.0 kHz) 


2N3250, 2N3250A 
2N3251, 2N3251A 
50 
100 
200 
400 


Output Admittance 
(IC = 1.0 mA, Vce 
10V,f = 1.0 kHz) 
2N3250, 2N3250A 
2N3251.2N3251A 
4.0 
10 
40 
60 
/initios 


Collector Base Time Constant 
(IC = 10 mA, VCE = 20 V) 


Noise Figure 
dc = ioo ftA, Vce = 5.0v. Rs ° lo k n, f = ioo Hz) 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


Characteristic 


(Vcc = 30 vdc. vBe = 0.5 vdc 
lC = 10 mAdc,Ibi = 1-0mA) 


dC = 10 mAdc, Ibi = 'B2 = 1-° mAdc 
VCC = 3.0 V) 


(1) Pulse Test: PW = 300 fts. Duty Cycle = 2.0%. 


rb'CC 


NF 


2N3250, 2N3250A 
2N3251, 2N3251A 


Symbol 


td 


250 


6.0 


Max 


35 


35 


175 
200 


50 


ps 


dB 


Unit 


SWITCHING TIME CHARACTERISTICS 
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FIGURE 2 — STORAGE AND FALL TIME 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
(Vcl = 6V,TA = 25°C) 
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FIGURE 5 — 
CURRENT GAIN 


'.'. 
2 W 
si 
n m 
;ia 
JAN 2N3251A 


2N323U, ZNKOIIF 
JAN 2N3250A 


0.5 
1.0 
2.0 


lc. COLLECTOR CURRENT (mA) 


FIGURE 7 — V0LTA6E FEEDBACK RATIO 
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FIGURE 6— OUTPUT AOMITTANCE 


2N3251,2N3251A 
JAN2N3251A 


'* 2N3250,2N325Q 
IN 2N3250A 
A_ 
_.. 
-- JJ 
-::::: 


0.5 
1.0 
2.0 
5.0 
10 
lc. COLLECTOR CURRENT (mAI 


FIGURE 8 — 
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FIGURE 9 — 
NORMALIZED CURRENT GAIN CHARACTERISTICS 
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FIGURE 10— COLLECTOR SATURATION REGION 
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FIGURE 11 —SATURATION VOLTAGES 
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This graph shows the effect of basecurrent oncollector current. fi0 is the 
current gain ofthetransistor at 1volt, and fjf (forced gain) is Ihe ratio of Ic/I»f 
in a circuit. EXAMPLE: For type 2N3251.estimate a base current (Ibf> to insure 
saturation at a temperature ol 25°Canda collectorcurrentof 10mA. 
Observe that at lc - 10mAan overdrive lactorol at least 2.5 is required to 
drive the transistor wellintothe saturation region. From Figure 1. it is seen that 
hrc@ 1voltis typically 167(guaranteed limitsfrom the Table of Characteristics 
can be used for"worst-case" design)... 
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FIGURE 16— CHARGE DATA 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3252 
2N32S3 
2N3444 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
40 
50 
Vdc 


Collector-Base Vottage 
VcBO 
60 
75 
80 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25"C 


pd 
1.0 
5.71 


Watts 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
5.0 
28.6 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 
| 
Characteristic 
Symbol 
Max 
Unit 
1Thermal Resistance, Junctionto Case 
RflJC 
RflJA 


35 
0.175 
'CAN 
•C/mW 


ELECTRICAL CHARACTERISTICS (Ta ° 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3252 
2N3253 
2N3444 


GENERAL PURPOSE 


NPN StUCON 


JAN, JTX AVAILABLE 
2N3253, 2N3444 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(Iq = 10 mAdc, pulsed, lfj = 0) 
2N3252 
2N3253 
2N3444 


V(BR)CEO 
30 
40 
50 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 10/iAdc, Ir. = 0) 
2N32S2 
2N3253 
2N3444 


V(BR)CBO 
60 
75 
80 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 fiAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 40 Vdc,VEB(off) = 4.0 Vdc) 
2IM3252 
(Vce = 60 Vdc.VEB(off) = 4.0 Vdc) 
2N3253,2N3444 


'CEX 


- 
0.5 
0.5 


uAdc 


Collector Cutoff Current 
(Vcb = 40 vdc, Ie = o) 
2N3252 
(vCb = 40 vdc, i£ = 0, ta = ioo°o 
2N3252 
(Vcb = 60 Vdc, l£ = 0) 
2N3253, 2N3444 
(Vcb =• 60 Vdc, Ie = O,Ta = 100°C) 
2N3253, 2N3444 


"CBO 


- 
0.50 
75.0 
0.50 
75.0 


uAdc 


Emitter Cutoff Current 
(vBe = 4.0 vdc, ic = o) 
>EBO 
— 
0.05 
ftAdc 


Base Cutoff Current 
(Vce = 40 Vdc,VEB(off) = 4.0 Vdc) 
2N3252 
(VCE = 60 Vdc. VEB(off) = 4.0 Vdc) 
2N3253,2N3444 


IBL 


- 
0.50 
0.50 


ftAdc 


ON CHARACTERISTICS 


DCCurrent Gain(1) 
' 
dC = 150 mAdc, VCe « 10 Vdc) 
2N3252 
21M3253 
2N3444 


hFE 
30 
25 
20 


- 


(lC = 500 mAdc, VCe = 10 Vdc) 
2N3252 
2N3253 
2N3444 


30 
25 
20 


SO 
75 
60 


(lC = 1.0 Adc, Vce = 5.0 Vdc) 
2N3252 
2N3253 
2N3444 


25 
20 
15 


— 
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2N3252, 2N3253, 2N3444 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


Collector-Emitter Saturation Voltaged) 
(lC = 150 mAdc, lB = 15 mAdc) 
2N3252 
2N3253, 2N3444 


dC = 500 mAdc, Ib = 500 mAdc) 
2N3252 
2N3253, 2N3444 


(lC = 1.0 Adc. Ib = 100 mAdc) 
2N3252 
2N3253, 2N3444 


VCE(sat) 


- 


0.3 
0.35 


0.5 
0.60 


1.0 
1.2 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc. Ib = 100 mAdc) 


VBE(sat) 


0.7 
1.0 
1.3 
1.8 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc,f = 100 MHz) 
2N3252 
2N3253, 2N3444 


fT 
200 
175 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, |E = 0, f = 100 kHz) 
CODo 
— 
12 
PF 


Input Capacitance 
(Veb = 0.5 Vdc, lC = 0, f = 100 kHz) 
cibo 
— 
80 
pF 


SWITCHING CHARACTERISTICS 


Delay Time 
lC = 500 mAdc, Ibi = 50 mAdc 
Vcc = 30 v, Vbe = 2.0 v 
2N3252 
2N3253, 2N3444 


td 


— 
15 
ns 


Rise Time 
tr 
— 
30 
35 
ns 


Storage Time 
|q = 500 mAdc, Ibi = >B2 = 50 mAdc 
VCC = 30 V 
ts 
— 
40 
ns 


Fall Time 
tf 
— 
30 
ns 


Total Control Charge 
dC = 500 mAdc, Ibi = 50 mAdc, Vcc = 30 V) 
Qt 
— 
5.0 
nC 


(1) Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2.0%. 
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2N3299 
2N3300 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


2N3301 
2N3302 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
(Applicable 0 to 10 mAdc) 
VceO 
30 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
S.O 
Vdc 


Collector Current — Continuous 
"C 
600 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 


2N3299 
2N3300 
2N3301 
2N3302 


Watt 
mW/T 
0.8 
4.56 
0.36 
2.06 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
3.0 
17.2 
1.8 
10.3 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
"C 


Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS(TA 
25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
dc ° 10 mAdc, Ib = 0) 
VcEO(sus) 
30 
— 
Vdc 
Collector-Base Breakdown Voltage 
dc - 10 ftAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 
Emitter-Base Breakdown Voltage 
He - 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 50 Vdc, Vbe = 0) 
(Vce = so Vdc, Vbe = o, ta = isoxi 
<CES 
— 
0.01 
10 
ftAdc 


Emitter Cutoff Current 
(Vbe - 3.0 Vdc, lc - 0) 
>EBO 
— 
10 
nAdc 


Base Current 
(Vce ° 50 Vdc, Vbe = °) 
IB 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
2N3299, 2N3301 
dC = 0.1 mAdc, Vce = 10 Vdc) 
2N3300, 2N3302 
dC = 1.0 mAdc. VCe = 10 Vdc) 
2N3299, 2N3301 
2N3300, 2N3302 
dC = 10 mAdc, Vce = 10 Vdc)(1) 
2N3299, 2N3301 
2N3300, 2N3302 
dC = 150 mAdc, Vce = 10 VdcKD 
2N3299, 2N3301 
2N3300, 2N3302 
(lC = 150 mAdc, Vce = 10 VdcKD 
2N3299, 2N3301 
2N3300, 2N3302 
(lC = 500 mAdc, Vce = 1° VdcKD 
2N3299, 2N3301 
2N3300, 2N3302 


"FE 
20 
35 
25 
50 
35 
75 
20 
50 
40 
100 
20 
50 


120 
300 


Collector-Emitter Saturation Voltage 
(lc = 150 mAdc, Ib = 15 mAdc) 
(lC = 300 mAdc. Ib = 30 mAdc) 
(lC = 500 mAdc, Ib = 50 mAdc) 


vCE(sat) 


- 
0.22 
0.45 
0.6 


Vdc 


Base-Emitter Saturation Voltage 
dc =150 mAdc, Ib = 15 mAdc) 
dC = 300 mAdc. Ib = 30 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 
~~ 
1.1 
1.3 
1.5 


Vdc 


Base Emitter Volt8ge 
dc = 150 mA, Vce = 10 V) 
VBE(on) 
— 
1.1V 
Max 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vce = 10 Vdc-f = 100 MHz) 
fT 
250 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc, Ig = 0, f = 140 kHz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Vbe = 2.0 Vdc, Iq = 0, f = 140 kHz) 
Cibo 
— 
20 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 25 Vdc, lc = 300 mAdc, Ibi = 30 mAdc) 
♦on 
— 
60 
ns 


Turn-Off Time 
(Vcc = 25 Vdc, lc = 300 mAdc, Ibi = Ifl2 = 30 mAdc) 
toff 
— 
150 
ns 


(1) Pulse Test: Pulse Width « 300 us. Duty Cycle « 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3307 
2N3308 
Unit 
Collector-Emitter Voltage 
VcEO 
35 
25 
Vdc 
Collector-Emitter Voltage 
VCES 
40 
30 
Vdc 
Collector-Base Voltage 
VcBO 
40 
30 
Vdc 
Emitter-Base Voltage 
vEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
200 
1.14 
mW 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
300 
1.71 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
'C 


ELECTRICAL CHARACTERISTICS (Ta = 25"C unlessotherwise noted.) 


Characteristic 
Symbol 


2N3307 
2N3308 


CASE 20, STYLE 10 
TO-72 (TO-206AF) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 
2N3307 
2N3308 


V(BR)CEO 
35 
25 


- 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 10 ftAdc, Vbe = 0) 
2N3307 
2N3308 


V(BR)CES 
40 
30 


- 
Vdc 


Collector-Base Breakdown Voltaged) 
dC = 10 ftAdc, Ie = 0) 
2N3307 
2N3308 


V<BR)CBO 
40 
30 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(l£ = 10 fiAdc, lc = 0) 
v(BR)EBO 
3.0 
- 
Vdc 


Collector Cutoff Current 
(VCb = 15 Vdc) 
(VCb = 15 Vdc, T = 150X) 
2N3307 


ICBO 


- 
0.010 
3.0 


MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(VCe = 10 Vdc, lC = 2.0 mAdc) 


Collector-Emitter Saturation Voltage 
dC = 3.0 mAdc, Ib = 0.6 mAdc) 


Base-Emitter Saturation Voltage 
dC = 3.0 mAdc, Ib = 0.6 mAdc 


SMALL-SIGNAL CHARACTERISTICS 


2N3307 
2N3308 


hFE 


VCE(sat) 


vBE(sat) 


40 
25 
250 
250 


1.0 


Vdc 


Vdc 


Current-Gain — Bandwidth Product 
(Vce = 10 Vdc, lc = 2.0 mAdc, f = 100 MHz 
fT 
300 
1200 
MHz 


Maximum Frequency of Operation 
(VCe = 10 Vdc, lc = 2.0 mAdc) 
'max 
Typ 
20 
ical 
00 
MHz 


Output Capacitance 
(Vcb = 10 vdc, iE = o, f = o.i mhz 
2N3307 
2N3308 


C0bo 


- 
1.3 
1.6 


PF 


Small-Signal Current Gain 
(Vce = 10 Vdc, lc = 2.0 mAdc, f = 1 kHz) 
2N3307 
2N3308 


hfe 
40 
25 
250 
250 


— 


Collector Base Time Constant 
(Vcb = 10 Vdc, lc = 2.0 mAdc, f = 31.8 MHz) 
2N3307 
2N3308 


rb'Cc 
2.0 
2.0 
15 
20 


ps 
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2N3307, 2N3308 


ELECTRICALCHARACTERISTICS (continued)(Ta = 25"C unless otherwise noted.) 


Characteristic 


Noise Figure 
(Vce = 10Vdc, lc = 2.0mAdc, f = 200MHz) 


SWITCHING CHARACTERISTICS 


Power Gain(2) 
(VCe " 1° vdc' 'C " 2.0 mAdc, f = 200MHz) 


Power Gain (AGCK2) 
(Vce = 5.0Vdc, lc = 20 mAdc, f = 200MHz) 


2N3307 
2N3308 


2N3307 
2N3308 


Symbol 


NF 


Min 


17 


Max 


4.5 
6.0 


Unit 


dB 


dB 


dB 


(1) C0bo ismeasured inguarded circuit such thatthecancapacitance is notincluded. 
(2) AGC is obtained byincreasing lc-Thecircuit remains adjusted forVce = -10 Vdc, lc = -2 mAdc operation. 


COMMON EMITTER AVERAGESMALL POWER GAIN 


& NOISE FIGURE versus COLLECTOR CURRENT 


I 
I 
Vc«=—10 Vdc 
1=200 MHz 


i 
• 
• 
• 
1 
TUNED ATlc = -2 mAdc ONLY. 
— 
TUNED AT EACH TESTCURRENT. 


s*. 
•^v 
_NF ^ 
v^ 
' 
y.<-*' 


\ 
c 
\ 


-2 
-4 
-6 
-8 
-10 
-12 
-14 
-16 
-18 
-20 


lc. COUECTOR CURRENT (mAdc) 


MOTOROLA SEMICONDUCTORS 
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NOISE FIGURE versus FREQUENCY 


Vci-"-15V* 


-5Vdc 


"C*" -2 mAdc 
'SO ohms 


20 
30 
50 
70 
100 
200 
300 
500 


I. FREQUENCY IMHz I 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 


PNP 


2N5415 
2N5416 


NPN 


2N3439 
2N3440 
Unit 


Collector-Emitter Voltage 
VceO 
200 
300 
350 
250 
Vdc 


Collector-Base Voltage 
VCBO 
200 
350 
450 
300 
Vdc 


Emitter-Base Voltage 
VEB0 
4.0 
6.0 
7.0 
7.0 
Vdc 


Base Current 
IB 
0.5 
Adc 


Collector Current — 
Continuous 
"C 
1.0 
Adc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 


- 
1.0 
5.7 
Watts 
mW/°C 


Total Device Dissipation 
@ TC = 25X 
Derate above 25°C 


pd 
10 
57 
5.0 
28.6 
Watts 
mW/°C 


Total Device Dissipation 
@ Ta = 50°C 
Derate above 50°C 


pd 
1.0 
6.7 


- 
Watts 
mW/°C 


Operating and Storage 
Junction Temperature 
Range 


Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
2N541S 
2N5416 
2N3439 
2N3440 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
17.5 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
150 
175 
'CAN 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3439, 2N3440 NPN 
2N5415, 2N5416 PNP 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Sustaining Voltaged) 
(lC = 50 mAdc, Ib = 0) 
2N5415 
2N5416 
2N3439 
2N3440 


VCEO(sus) 
200 
300 
350 
250 


- 


Vdc 


•Collector Cutoff Current 
(VCe = 300 Vdc, Ib = 0) 
2N3439 
(Vce = 200 Vdc, Ib = 0) 
2N3440 


'CEO 


- 
20 
50 


juAdc 


•Collector Cutoff Current 
(Vce = 450 Vdc. VBe = 1-5 Vdc) 
2N3439 
(Vce = 300 Vdc, Vbe = 1-5 Vdc) 
2N3440 


'CEX 


- 
500 
500 


ftAdc 


Collector Cutoff Current 
(Vcb = 175 vdc, Ie = o) 
2N5415 
(Vcb = 280 vdc, Ie = oi 
2N5416 
(vCb = 360 vdc, ie = 0) 
2N3439 
(Vcb = 250 Vdc, lE = 0) 
2N3440 


'CBO 


- 
50 
50 
20 
20 


j^Adc 


Emitter Cutoff Current 
(Veb = 4.0 vdc, ic = o) 
2N5415 
(Veb = 60 Vdc, lc = 0) 
2N5416, 2N3439, 2N3440 


>EBO 


- 
20 
20 


uAdc 


ON CHARACTERlSnCSd) 


DC Current Gain 
dC = 2.0 mAdc, Vce = 10 Vdc) 
2N3439 
•dC = 20 mAdc, Vce = 10 Vdc) 
2N3439, 2N3440 


•(lC = 50 mAdc, Vce = 10 Vdc) 
2N5415 
2N5416 


"FE 
30 
40 


30 
30 


160 


150 
120 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 4.0 mAdc) 
2N3439, 2N3440 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 50 mAdc, Ib = 4.0 mAdc) 
2N3439, 2N3440 
VBE(sat) 
— 
1.3 
Vdc 


•Indicates Data in Addition to JEDEC Requirements. 
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2N3439, 2N3440 NPN /2N5415, 2N5416 PNP 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'C unless otherwise noted.) 


| 
Characteristic 
Symbol 
Min 
Max 
Unit 
| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10 Vdc,f = 50 MHz) 
2N3439, 2N3440 
fT 
15 
— 
MHz 


Output Capacitance 
(Vcb = 10 vdc, Ie = o, f = i.o mhz) 
2N5415, 2N5416, 
2N3439, 2N3440 


C0bo 


- 
15 
10 


pF 


Input Capacitance 
(Veb = 5.0 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
75 
PF 


Small-Signal Current Gain 
(lC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
dC = 10.0 mAdc, Vce ° 10 Vdc, f = 5.0 MHz) 
2N5415, 2N5416 


hfe 
25 


" 
" 


Real Part of Input Impedance 
(VCE = 10 Vdc, lc = 5.0 mAdc, f = 1.0 MHz) 
Re(hje) 
— 
300 
Ohms 


(1) Pulse Test: Pulse Width « 300 jus. Duty Cycle « 2.0%. 
CAUTION: The sustaining voltage must not be measured on a curve tracer. (See Fig. 15.) 


FIGURE 1 - 
SWITCHING TIMES TEST CIRCUIT 


PNP 
2N5415, 2N5416 


NOTE: Vcc and RC adjusted for VcE(off) = 1S0 v 8nd 'C 
at desired. Rg chosen for dosired lg|, Vi «10 V. V2ss8.0 V 


For t(j and tr, D1 is disconnected 
and V2 - 2.0 V 


For PNP tost circuit, 
reverse all polarities. 


NPN 
2N3439, 2N3440 
FIGURE 2 - 
TURN-ON TIME 
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FIGURE 8 - 
POWER DERATING 
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There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate IC'VcE limits of the transistor 
that mutt be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure 7 isbased onTjfpk)=200°C; Tc isvariable 
depending on conditions. Second breakdown pulse limits are valid 
for dutycycles to 10% provided Tj(p|<) <20O°C. Tjjp^) maybe 
calculated from the data in Figure 6. 
At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(SeeAN-415). 
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FIGURE 10 - 
COLLECTOR SATURATION REGION 
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BASE CUTOFF REGION 
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FIGURE 15 - 
CIRCUIT USED TO MEASURE 
SUSTAINING VOLTAGES 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3467 
2N3468 
Unit 


Collector-Emitter Vottage 
Vceo 
40 
50 
Vdc 


Collector-Base Voltage 
VcbO 
40 
50 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mWVC 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mwrc 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R«jc 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
0.175 
°C/mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3467 
2N3468 


JAN, JTX, JTXV AVAILABLE 
CASE 079-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Symbol 
MIn 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
2N3467 
2N3468 


V(BR)CEO 
40 
50 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 ftAdc, Ie = 0) 
2N3467 
2N3468 


V(BR)CBO 
40 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Base Cutoff Current 
(Vce = -30 vdc, Vbe = 3.ovdc) 
'BEV 
— 
120 
nAdc 


Collector Cutoff Current 
(vCe = -30 vdc, Vbe = 3.ovdc) 
'CEX 
— 
100 
Adc 


Collector Cutoff Current 
(Vcb = 30 Vdc, lE = 0) 
(Vcb = 30 vdc, iE = o, Ta = ioo°o 


>CBO 


- 
0.10 
15 


ftAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 150 mAdc, Vce = 1° Vdc) 
2N3467 
2N3468 


dC = 500 mAdc, Vce = 1-0 Vdc) 
2N3467 
2N3468 


(lC = 1.0 Adc, Vce = 5.0 Vdc) 
2N3467 
2N3468 


hFE 
40 
25 


40 
25 


40 
20 


120 
75 


Collector-Emitter Saturation Voltaged) 
«C = 150 mAdc, Ib = 15 mAdc) 
2N3467 
2N3468 


dC = 500 mAdc, Ib = 50 mAdc) 
2N3467 
2N3468 


dC = 1.0 Adc, Ib = 100 mAdc) 
2N3467 
2N3468 


VcE(sat) 


- 


0.3 
0.36 


0.5 
0.6 


1.0 
1.2 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, Ib = 100 mAdc) 


vBE(sat) 


0.8 
1.0 
1.2 
1.6 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3467, 2N3468 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
' 
Symbol 
Min 
| 
Max 
I 
UnH 
| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc. f = 100 MHz) 
2N3467 
2N3468 


h 
175 
150 


- 


MHz 


Output Capacitance 
(Vcb = 10Vdc, l£ = 0, f = 100 kHz) 
Cobo 
— 
25 
pF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 
— 
100 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
dC = 500 mA, Ibi = 50 mA, Vbe = 
2.0 V, Vcc = 30 V) 
td 
— 
10 
ns 


Rise Time 
tr 
— 
30 
ns 


Storage Time 
dC = 500 mA, Ibi = Ifl2 = 50 mA. Vcc = 30 V) 
ts 
— 
60 
ns 


Fall Time 
tf 
— 
30 
ns 


Total Control Charge 
dC = 500 mA, Ib = 50 mA, Vcc = 30 V) 
Qt 
— 
6.0 
nC 


(1) Pulse Test: PW < 300 us, Duty Cycle * 2.0%. 
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SMALL-SIGNAL DEVICES 


2N3467, 2N3468 


MINIMUM CURRENT GAIN CHARACTERISTICS 
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200 
300 


Ie, COUECTOR CURRENT (mA) 


4-107 


500 
1000 


MOTOROLA SEMICONDUCTORS 


2N3494 
2N3495 
CASE 31-03, STYLE 1 
TO-39 (TO-205AD) 


2N3496 
2N3497 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N34S4 
2N34S6 
2N3435 
2N3497 
Unit 


Collector-Emitter Voltage 
VCEO 
80 
120 
Vdc 


Collector-Base Voltage 
VCBO 
80 
120 
Vdc 


Emitter-Base Voltage 
VEBO 
4.5 
Vdc 


Collector Current — Continuous 
ic 
100 
mAdc 


2N3494 
2N34S5 
2N34S6 
2N3497 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
600 
3.43 
400 
2.28 
mW 
mW/T 


Total Device Dissipation @ Tc = 25',C, 
Derate above 25°C 
pd 
3.0 
17.2 
1.2 
6.85 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
"C 


'Indicates Data in addition to JEDEC Requirements. 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage!1) 
dC = 10 mAdc, Ib = 0) 
2N3494, 2N3496 
2N3495, 2N3497 


V(BR)CEO 
80 
120 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc,lE = 0) 
2N3494, 2N3496 
2N3495, 2N3497 


V(BR)CBO 
80 
120 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, lc = 0) 
v(BR)EBO 
4.5 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, lE = 0) 
2N34S4,2N34S6 
(Vcb = 30 vdc, Ie = oj 
2N3495,2N3497 


'CBO 


- 
100 
100 


nAdc 


Emitter Cutoff Current 
(Vbe = 3.0 vdc. ic = o) 
>EBO 
— 
25 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
hFE 
dC = 100/iAdc,VcE = 10 Vdc) 
35 
— 
dC = 1.0 mAdc, Vce = 10 Vdc) 
40 
— 
dC = 10 mAdc, VCe = 10 Vdc) 
40 
— 
(lC = 50 mAdc, Vce = 10 Vdc) 
40 
— 
dC = 100 mAdc, Vce = 10 Vdc) 
2N3494, 2N3496 
35 
— 


Collector-Emitter Saturation Voltage 
VcE(sat) 
Vdc 
dC = 10 mAdc, Ib = 1.0 mAdc) 
2N3434, 2N34S6 
— 
0.3 
2N34S5, 2N3497 
— 
0.35 


Base-Emitter Saturation Voltage 
VBE(sat) 
0.6 
0.9 
Vdc 
dc = 10 mAdc, Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, VCE = 10 Vdc,f = 100 MHz) 
2N3494,2N3496 
2N3495, 2N3497 


fT 
200 
150 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
2N3494,2N3496 
2N3495, 2N3497 


Cobo 


- 
7.0 
6.0 


pF 


Input Capacitance 
(Vbe = 2.0 Vdc, lC = 0, f = 100 kHz) 
Cibo 
— 
30 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


4-108 


2N3494, 2N3495, 2N3496, 2N3497 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Input Impedance 
(lC = 10 mAdc. Vce = 10 Vdc, f = 1.0 kHz) 
hie 
0.1 
1.2 
k ohms 


Voltage Feedback Ratio 
(lC = 10 mAdc, Vce = 10 Vdc. f = 1.0 kHz) 
nre 
— 
2.0 
X10-4 


Small-Signal Current Gain 
(lC = 10 mAdc. VCE = 10 Vdc, f = 1.0 kHz) 
hfe 
40 
300 


— 


Output Admittance 
dC = 10 mAdc. Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
— 
300 
//.mhos 


Real Part of Input Impedance 
dC = 20 mAdc, Vce = 1° vdc- f = 300 MHz> 
Re(hje) 


— 
30 
Ohms 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc-'C = 1° mAdc, Ibi = 1.0 mAdc) 
'on 
- 
300 
ns 


Turn-Off Time 
(Vcc = 30 Vdc' 'C = 10 mAdc, Ibi = 'B2 = 10 mAdc) 
toff 
— 
1000 
ns 


(1) Pulse Test: Pulse Width « 300 /ts, Duty Cycle = 2.0%. 
(2)fj is defined as the'frequency at which |hfe| extrapolates to unity. 
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2N3494, 2N3495, 2N3496, 2N3497 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3498 
2N3499 
2N3S00 
2N3501 
UnH 


Collector-Emitter Voltage 
VcEO 
100 
150 
Vdc 


Collector-Base Voltage 
VCBO 
100 
150 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
500 
| 
300 
mAdc 


Total Device Dissipation @ T/\ = 25'C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rtuc 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
'CAN 


2N3498 thru 2N3501 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (TA ° 25'Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
D 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC ° 10 mAdc, Ifl = 0) 


Collector-Base Breakdown Voltage 
(lC ° 10ftAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(Ig ° 10fiArJc, lc « 0) 


Collector Cutoff Current 
(Vcb " 50 Vdc. Ie = 0) 
(Vcb = so Vdc''e = °. ta = 150°C) 
(Vcb = 75 vdc, ie = oj 
(Vcb ° 75 Vdc,Ie - o, Ta ° iso°c) 


Emitter Cutoff Current 
(VBE(off) = i*0V<'C''C = 0) 


2N34S8, 2N3499 
2N3500, 2N3501 


2N3498, 2N3499 
2N3500, 2N3501 


2N3498, 2N3499 


2N3500, 2N3501 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


<EBO 


100 
150 


100 
150 


6.0 


0.050 
50 
0.050 
50 


25 


Vdc 


Vdc 


Vdc 


ftAdc 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
2N3498, 2N3500 
2N3499, 2N3501 


hFE 
20 
35 
— 


- 


(lc = 1.0 mAdc,Vce = 10 Vdc) 
2N3498, 2N3500 
2N3499, 2N3501 


25 
50 
- 


— 


(lc = 10 mAdc,Vce = 10 Vdc) 
2N3498, 2N3500 
2N3499, 2N3501 
35 
75 


— 


— 


dC = 150 mAdc,Vce = 10 Vdc) 
2N3498, 2N3500 
2N3499, 2N3501 
40 
100 
— 
120 
300 


dC = 300 mAdc, Vce = TO Vdc) 
2N3500 
2N3501 


15 
20 


— 


- 


(lc = 500 mAdc, Vce = 10 Vdc) 
2N3498 
2N3499 
15 
20 


_ 
^ 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
(lc = 150 mAdc, Ib = 15 mAdc) 
(lC = 300 mAdc, Ib = 30 mAdc) 


All Types 
All Types 
2N3500, 2N3501 
2N3498, 2N3499 


VcE(sat) 


- 


- 


0.2 
0.25 
0.4 
0.6 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3498 thru 2N3501 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Base-Emitter Saturation Voltage 
vBE(sat) 
Vdc 
dC = 10 mAdc, Ib = 1.0 mAdc) 
All Types 
— 
— 
0.8 
dC - 50 mAdc, Ib = 5.0 mAdc) 
All Types 
— 
_ 
0.9 
dC = 150 mAdc, Ib = 15 mAdc) 
2N3500, 2N3501 
— 
1.2 
dC = 300 mAdc, Ib = 30 mAdc) 
2N3498, 2N3499 


— 
— 
1.4 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(VCe = 20 Vdc, lc = 20 mAdc, f = 100 MHz) 
fT 
150 
- 
- 
MHz 


Output Capacitance 
2N3498, 2N3499 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
2N3500; 2N3501 
C0bo 
— 
z 
10 
8.0 
PF 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0, f = 100 kHz) 
cibo 
— 
— 
80 
PF 


Input Impedance 
2N3498, 2N3500 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3499, 2N3501 
"ie 
0.2 
0.25 


— 
1.0 
1.25 
kohms 


Voltage Feedback Ratio 
2N3498,2N3500 
dC = 10 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
2N3499, 2N3501 
"re 
— 
— 
2.5 
4.0 
X10-4 


Small-Signal Current Gain 
2N3498, 2N3500 
dC = 10 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
2N3499, 2N3501 
hfe 
50 
75 
z 
300 
375 


— 


Output Admittance 
2N3498, 2N3500 
(lC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3499, 2N3501 
h0e 
— 
— 
100 
200 
/imhos 


SWITCHING CHARACTERISTICS 


Delay Time 
dC = 150mAdc. Ibi = 15 mAdc, Vcc = 100Vdc, VBE(off) = 2.0Vdc) 
td 
- 
20 
- 
ns 


Rise Time 
dC = 150 mAdc,Ibi = 15 mAdc,VCc = 100Vdc,VBE(off) = 2.0Vdc) 
tr 
— 
35 
— 
ns 


Storage Time 
dC = 150 mAdc, Ibi = >B2 = 15 mAdc, Vcc = 100 Vdc) 
ts 
— 
800 
— 
ns 


Fall Time 
dC = 150 mAdc, Ibi = >B2 = 15 mAdc, Vcc = 100 Vdc) 
tf 
— 
80 
— 
ns 


(1) Pulse Test: Pulse Width < 300 fts, 
(2)ft = Ihfel • ftest- 
Duty Cycle *s 2.0%. 
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FIGURE 2-CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 4 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 
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2N3498 thru 2N3501 


AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
(VCE = 10 Vdc. TA=25°C.f = 1.0kHz) 


FIGURE 8 - 
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FIGURE 10 - 
INPUT IMPEOANCE 
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FIGURE 9 - 
OUTPUT IMPEDANCE 
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FIGURE 11 - VOLTAGE FEEDBACK RATIO 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3506 
2N3507 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
50 
Vdc 


Collector-Base Voltage 
VCBO 
60 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
3.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
5.0 
28.6 
Watts 
mWCC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance,'Junction to Case 
Rtuc 
0.175 
"C/mW 


Thermal Resistance, Junction to Ambient 
RflJA 
35 
"CAV 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 


2N3506 
2N3507 


JAN, JTX, JTXV AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) 
2N3506 
(lC = 10mAdc, pulsed, Ib = 0) 
2N3507 
V(BR)CEO 
40 
50 


— 
Vdc 


Collector-Base Breakdown Voltage 
2N3506 
(lC = 100MAdc, Ie = 0) 
2N3507 
V(BR)CBO 
60 
80 


— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 40Vdc,VEB(off) = 4.0Vdc> 
2N3506 
(Vce = 40Vdc,VEB(off) = 4.0Vdc,TA = 100°C) 
(VCE = 60Vdc,VEB(off) = 4.0Vdc) 
2N3507 
(Vce = 60Vdc,VEB(off) = 4.0Vdc, TA = 100«C) 


'CEX 


- 


1.0 
150 
1.0 
150 


/iAdc 


Base Cutoff Current 
(Vce = 40Vdc,VEB(off) = 4.0Vdc) 
2N3506 
(Vce = 60Vdc,VEB(off) = 4.0Vdc) 
2N3507 


IBL 


,_. 
1.0 
1.0 


ftAdc 


ON CHARACTERISTICS 


DC Current GainO) 
(lC = 500mAdc, Vce = 10 Vdc) 
2N3506 
2N3507 
(lC = 15 Adc,Vce = 2.0Vdc) 
2N3506 
2N3507 
dC = 2.5 Adc, Vce = 3.0Vdc) 
2N3506 
2N3507 
(lC = 3.0 Adc, Vce •= 5.0 Vdc) 
2N3506 
2N3507 


"FE 
50 
35 
40 
30 
30 
25 
25 
20 


200 
150 


Collector-Emitter Saturation Voltaged) 
dc = 500 mAdc, Ib = 50 mAdc) 
(lC = 1.5 Adc, Ib = 150 mAdc) 
(lC = 2.5 Adc, Ib = 250 mAdc) 


VCE(sat) 
E 


0.5 
1.0 
1.5 


Vdc 


Base-Emitter Saturation Voltaged) 
dc = 600 mAdc, Ib = 50 mAdc) 
(lC = 1.5 Adc, Ib = 150 mAdc) 
dC = 2.5 Adc, Ib = 250 mAdc) 


VBE(sat) 
0.9 
1.0 
1.4 
2.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 100 mAdc, Vce = 5 Vdc, f = 20 MHz) 
fT 
60 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 


— 
40 
pF 


Input Capacitance 
(Vbe = 3 Vdc, lc = 0, f = 100 kHz) 
Cibo 
- 
300 
pF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3506, 2N3507 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 2S'IC unless otherwise noted.) 
Characteristic 
Symbol 
Min 
Max 
Unit 
SWITCHING CHARACTERISTICS 


Delay Time 
lC = 1.5 Adc, Ibi = 150 mAdc 
vCc = 30 v, vEb = o v 
td 


— 
15 
ns 


Rise Time 
tr 


— 
30 
ns 
Storage Time 
lC = 1.5 Adc, Ibi = 'B2 = 150 mAdc 
VCc = 30 V 
ts 


— 
55 
ns 


Fall Time 
tf 
- 
35 
ns 
(1)Pulse Test: Pulse Width < 300 fts, Duty Cycle = 2.0%. 
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lc. COLLECTOR CURRENI (Add 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 
i 
Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
20 
Vdc 


Collector-Emitter Voltage 
VCES 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current (10 fts pulse) (Peak) 
'C 
500 
mA 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
PD 
0.40 
2.29 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.0 
11.43 
Watts 
mW/°C 


Operating and Storage Temperature 
Temperature Range 
TJ< Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
0.0875 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
0.438 
"CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3508 
2N3509 


CASE 26, STYLE 1 
TO-46 (TO-206AB) 


SWITCHING TRANSISTOR 


NPN SILICON 


Refer to 2N2368 for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Base Breakdown Voltage 
dC - 10 ftAdc,Ib = 0) 
V(BR)CBO 
40 
— 
Vdc 


Collector-Emitter Breakdown Voltage (1) 
dC = 10 mAdc) 
V(BR)CEO 
20 
— 
Vdc 


Collector-Emitter Voltage 
(IC = 10 /iAdc Ib = 0) 
V(BR)CES 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 jjAdc, lc = 0) 
v(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCE = 20 Vdc,VEB(off) = 3.0 Vdc) 
'CEX 
— 
0.2 
/iAdc 


Collector Cutoff Current 
(Vcb = 20 Vdc) 
BothTypes 
(Vcb = 20Vdc,TA = 150°C) 
2N3508 
2N3509 


•CBO 


- 
0.2 
30 
50 


/iAdc 


Base Cutoff Current 
(VCe = 20 Vdc, VEB(off) = 3.0 Vdc) 
•bl 
— 
0.5 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 mAdc, Vce = 1° Vdc> 
2N3508 
2N3509 


(lC = 10 mAdc, Vce = 10 Vdc, TA = -55°C) 
2N3508 
2N3509 


(lC = 100 mAdc, Vce = 1-0 Vdc) 
2N3508 
2N3509 


hFE 
40 
100 


20 
40 


20 
30 


120 
300 


Collector-Emitter Saturation Voltage (1) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 100 mAdc, Ib = 10 mAdc) 


VCE(sat) 


- 
0.25 
0.45 


Vdc 


Base-Emitter Saturation Voltage (1) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


vBE(sat) 
0.70 
0.8 
0.85 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 50 Vdc, Ie = 0, f = 140 kHz) 
cobo 
— 
4.0 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


4-119 


2N3508, 2N3509 


ELECTRICALCHARACTERISTICS (continued) (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Input Capacitance 
(Vbe = 10 Vdc, lC = 0. f = 140 kHz) 
Cibo 
- 
4.0 
pF 


Small-Signal Current Gain 
dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
hfe 
5.0 
— 
— 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = >B1 = >B2 = 10 mA) 
t8<TS) 
— 
13 
ns 


Turn-On Time 
dc = 10 mA, Ibi = 3.0 mA, Vcc = 3.0 V, Vob = 1-5 V) 
ton 
— 
12 
ns 


Turn-Off Time 
dC = 10 mA, Ibi = 3.0 mA, Ib2 = 1-5 mA, Vcc = 3-0V) 
toff 
— 
18 
ns 


Total Control Charge 
(lC = 10 mA, Ib = 1.0 mA. Vcc = 30 V) 
Qt 
— 
50 
PC 


Delay Time 
Vcc = 10 v, Veb = 2.0 v, 
lC = 100 mA, Ibi = 10 mA 
td 
— 
5.0 
ns 


Rise Time 
tr 
— 
18 
ns 


Storage Time 
vCc = 10 v 
lC = 100 mA, Ibi = lB2 = 1° mA 
ts 


— 
13 
ns 


Fall Time 
tf 
— 
15 
ns 


(1) Pulse Test: PW = 300 fts, Duty Cycle *s 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3510 
2N3647 
2N3511 
2N3648 
Unit 


Collector-Emitter Voltage 
Vceo 
10 
15 
Vdc 


Collector-Base Voltage 
VCBO 
40 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


Total Device Dissipation @ TA = 25'C 
Derate above 25°C 
PD 


TO-46 
2N3647 
2N3648 


TO-52 
2N3510 
2N3511 


mW 
mW/°C 
400 
2.28 
360 
2.06 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.0 
11.43 
1.2 
6.9 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3510 
2N3511 


CASE 27, STYLE 1 
TO-52 (TO-206AC) 


2N3647 
2N3648 


CASE 26, STYLE 1 
TO-46 (TO-206AB) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unh 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
2N3510, 2N3647 
2N3511, 2N3648 


V(BR)CEO 
10 
15 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 10 ftAdc. Ie = 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 /iAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCe = 10Vdc,VEB(off) = 10 Vdc) 
(Vce = 10 Vdc,VEB(off) = 1.0 Vdc,TA = 150'C) 


'CEX 


- 
.025 
50 


/iAdc 


Base Cutoff Current 
(Vce = 10 vdc, vqb = io vdc) 
•bl 
— 
.025 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VCe = LO Vdc) 
2N3510, 2N3647 
2N3511.2N3648 


dC = 10 mAdc, VCE = 1.0 Vdc) 
2N3510, 2N3647 
2N3511.2N3648 


dC = 150 mAdc, Vce = 1-0 Vdc) 
2N3510, 2N3647 
2N3511.2N3648 


dC = 150 mAdc, VCE = 1.0 Vdc, TA = -55X) 
2N3511, 2N3648 
(lC = 300 mAdc, Vce = 1-0 Vdc) 
2N3510,2N3647 
dC = 500 mAdc, Vce ° 10 Vdc) 
2N3511, 2N3648 


hFE 
12 
15 


20 
25 


25 
30 


12 
15 
12 


150 
120 


Collector-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 300 mAdc, Ib ° 30 mAdc) 
2N3510, 2N3647 
dC = 500 mAdc, Ib = 50 mAdc) 
2N3511, 2N3648 


VcE(sat) 


— 


0.25 
0.4 
0.6 
0.8 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
2N3510, 2N3647 
dC = 500 mAdc, Ib = 50 mAdc) 
2N3511, 2N3648 


VBE(sat) 


0.8 
0.8 
1.0 
1.15 
1.5 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3510, 2N3511 /2N3647, 2N3648 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 Vdc. Ie a 0, f = 100 kHz) 
C0bo 
— 
4.0 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, IC = 0, f = 100 kHz) 
Cjbo 
— 
8.0 
pF 


Input Impedance 
dC = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 
hie 
0.6 
4.5 
kohms 


Voltage Feedback Ratio 
dC = 1.0 mA, Vce " 10 V. f = 1.0 kHz) 
"re 
— 
25 
X10-4 


Small-Signal Current Gain 
dC = 15 mAdc, Vce = 10 Vdc, f = 100 MHz) 
2N3510, 2N3647 
2N3511.2N3648 
dC = 1.0 mA. VCe = 10 V, f = 1.0 kHz) 


hfe 
3.5 
4.5 
20 
150 


Output Admittance 
dC = 1.0 mA Vce = 10 V, f = 1.0 kHz) 
hoe 
10 
100 
/imhos 


SWITCHING CHARACTERISTICS 


Delay Time 
dC = 150 mA, Ibi = 15 mA, 
2N3510,2N3647 
Veb = 0.5 V, Vcc = 6.0 V) 
2N3511,2N3648 
2N3510, 2N3647 
2N3511.2N3648 


td 
— 
10 
8.0 
ns 


Rise Time 
tr 
— 
12 
10 


ns 


Storage Time 
dC = 150 mA IBI = -'B2 = 
2N3510,2N3647 
15 mA, VCC = 6.0 V) 
2N3511, 2N3648 
2N3510, 2N3647 
2N3511.2N3648 


ts 
— 
16 
12 
ns 


Fall Time 
tf 
12 
8.0 
ns 


Turn-On Time 
(lC ° 150 mA. IB1 = 15 mA. 
2N3510.2N3647 
Veb = 0.5 V. Vcc = 6.0 V) 
2N3511.2N3648 
ton 
— 
20 
16 
ns 


Turn-Off Time 
(lC = 150 mA Ibi = -'B2 = 
2N3510, 2N3647 
15 mA Vcc = 6.0 V) 
2N3511.2N3648 
toff 
25 
18 
ns 


Total Control Charge 
(lC = 150 mA IB = 15 mA, Vcc = 6.0 V) 


Qt 
— 
300 
pC 


(1) Pulse Test: PW « 300 fts, Duty Cycle < 2.0%. 


STORAGE TIMEVARIATION 


20 
IIIf 
..,-. 


• 
- 
"**.», 
a1""-! ;:&_£: 
:I 
• 


. » 
-1 -. 
']' 
ii 
i 
.—:=:: :% 
~» 
T 
/ 
.u*- • jf-' I 
- 
V,- n,'y 
4 
• 
,'A 
r 
1 
,- 1 


I 
V-L-m, 
1 
In- In 


2 / > 1 
iiiim 


-2S*C 
- 125*C 
-6V 
1 
1 1 
2 
3 
5 
7 10 
20 
30 
SO70 100 
200 300 SOO 


Ic.COUECTCfl CURRENT (mM 


MOTOROLA SEMICONDUCTORS 


4-122 
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2N3546 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
12 
Vdc 


Collector-Base Voltage 
VcbO 
15 
Vdc 


Emitter-Base Vottage 
Vebo 
4.5 
Vdc 


DC Collector Current 
ic 
200 
mAdc 


Total Device Dissipation @ TA = 25°C 
Derate above 25*C 
PD 
0.36 
2.06 
Watt 
mWTC 


Total Device Dissipation @ Tc = 25°C 
Derate above 2S°C 
Pd 
1.2 
6.9 
Watts 
mW/°C 


Operating and Storage Temperature 
Temperature Range 
tJ. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R«jc 
0.15 
"CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
0.49 
°CAN 
j 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dc = 10 mAdc, Ib - 0) 
V(BR)CEO 
12 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lc = 10 ftAdc. Ie = 0) 
V(BR)CBO 
15 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0) 
V(BR)EBO 
4.5 
— 
Vdc 


Base CutoffCurrent (Vce = 10Vdc, VBE(off) = 3-° Vdc) 
•bev 
— 
0.10 
ftAdc 


CollectorCutoff Current (Vce = 1° Vdc, VBE(off) = 3.0 Vdc) 
ICEX 


— 
0.010 
ftAdc 


Collector Cutoff Current 
(Vcb = 1° Vdc) 
(Vcb = 10 Vdc, TA = 150°C) 
"CBO 
— 
0.010 
10 
fiAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 
dC = 1.0 mAdc, Vce = 1° Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc. Vce = 1.0Vdc, TA = -55°C) 
dC = 50 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc, Vce = 10 Vdc) 


hFE 
20 
30 
15 
25 
15 


120 


Collector-Emitter Saturation Voltage (1) 
dc = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


vCE(sat) 


- 
0.15 
0.25 
0.50 


Vdc 


Base-Emitter Saturation Voltage (1) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib ° 5.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


VBE(sat) 
0.7 
0.8 
0.9 
1.3 
1.6 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10Vdc, f = 100 MHz) 
*T 
700 
— 
MHz 


Output Capacitance 
(Vcb = 10Vdc. Ie = 0, f = 1.0 MHz) 
C0bo 
— 
6.0 
PF 


Input Capacitance 
(VBe = 0.5 Vdc. Ic = 0, f = 1.0 MHz) 
Cibo 
— 
5.0 
pF 


MOTOROLA SEMICONDUCTORS 
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2N3546 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unh 


SWITCHING CHARACTERISTICS 


Delay Time 
lC = 50 mA IBI = 5 .0 mA 
vBe =* 2.0 v, Vcc = 3.0 v 
td 


— 
10 
ns 


Rise Time 
tr 


— 
15 
ns 


Storage Time 
lC = 50 mA Ibi = 'B2 = 5.0 mA 
Vcc = 3.0 V 
ts 


— 
20 
ns 


Fall Time 
tf 


— 
15 
ns 


Turn-On Time 
ton 


— 
40 
ns 


Turn-Off Time 
toff 
— 
30 
ns 
Total Control Charge 
dc = 50 mA Ib = 5.0 mA Vcc = 3.0 V) 
Qt 
— 
400 
PC 


(1) Pulse Test: PW = 300 us, Duty Cycle •« 2.0%. 


FIGURE 1 
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FIGURE 2 


STORAGE TIMEBEHAVIOR 
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FIGURE 3 


DELAY AND RISE TIME 


EQUIVALENT TEST CIRCUIT 
-3V 


FIGURE 4 


STORAGE AND FALL TIME 


EQUIVALENT TEST CIRCUIT 


FIGURES 


SWITCHING TIME TEST CIRCUIT 
vBb 
-2 v 
o 


PULSEWIDTH = 200 ns 
RISETIME< 2 ns 


OUTY CYCLE s£ 10% 


'OSCILLOSCOPE RISE TIME < 1 ns 


SMALL-SIGNAL DEVICES 


;^;cs<20PF 


Vjn -11.3 V—J 
1— 


PULSEWIDTH= 200 ns 
RISETIMEsj 2 ns 


OUTY CYCLE s; 10% 
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ioon| 
;j;csoopf 
1 li 


PULSE WIDTH > 200 ns 


RISE TIME < 
2 ns 
Zin= 50n 


ton: VBB= +3V,Vjn = -7V 
'off: VBB=-4 V.Vjn= +6V 
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FIGURE 6 


MINIMUM CURRENT GAIN CHARACTERISTICS 
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SO 
70 
100 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3634 
2N3635 
2N3636 
2N3637 
Unit 


Collector-Emitter Voltage 
VCEO 
140 
175 
Vdc 


Collector-Base Voltage 
VcBO 
140 
175 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25*C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA ° 25T unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3634 
thru 
2N3637 


JAN, JTX AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-39-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
2N3634,2N3635 
2N3636, 2N3637 


V(BR)CEO 
140 
175 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 uAdc, Ie = 0) 
2N3634, 2N3635 
2N3636, 2N3637 


V(BR)CBO 
140 
175 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc. IC = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 100 vdc, Ie = o) 
•CBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
>EBO 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 0.1 mAdc, VCe = 10 Vdc) 
2N3634, 2N3636 
2N3635, 2N3637 


(lC = 1-0 mAdc, Vce = 10 Vdc) 
2N3634,2N3636 
2N3635, 2N3637 


dC = 10 mAdc, Vce = 10 Vdc) 
2N3634, 2N3636 
2N3635, 2N3637 


dc = 50 mAdc, Vce = 10 Vdc) 
2N3634, 2N3636 
2N3635, 2N3637 


«C = 150 mAdc, Vce = 10 Vdc) 
2N3634, 2N3636 
2N3635, 2N3637 


hpE 
40 
80 


45 
90 


50 
100 


50 
100 


25 
50 


150 
300 


Collector-Emitter Saturation Voltaged) 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib ° 5.0 mAdc) 


vCE(sat) 


- 
0.3 
0.5 


Vdc 


Base-Emitter Saturation Voltaged) 
(lC = 10 mAdc, Ib = 1-0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 


0.65 
0.8 
0.9 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
fT 
MHz 
(Vce = 30 Vdc, lc = 30 mAdc, f = 100 MHz) 
2N3634, 2N3636 
150 
— 
2N3635, 2N3637 
200 
— 


SMALL-SIGNAL DEVICES 
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2N3634 


ELECTRICALCHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output Capacitance 
(Vcb = 20 Vdc, |E = 0, f = 100 kHz) 
cobo 
— 
10 
pF 


Input Capacitance 
(Vbe = 10 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
75 
pF 


Input Impedance 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3634, 2N3636 
2N3635, 2N3637 


hje 
100 
200 
600 
1200 


ohms 


Voltage Feedback Ratio 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hre 
— 
3.0 
X10-4 


Small-Signal Current Gain 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3634, 2N3636 
2N3635, 2N3637 


hfe 
40 
80 
160 
320 


— 


Output Admittance 
dC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
h0e 
— 
200 
jumbos 


Noise Figure 
dC = 0.5 mAdc, Vce = 1° Vdc. Rs = 1.0 k ohms, f = 1.0 kHz) 
NF 
— 
3.0 
dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 100 Vdc, VBe = 4.0 Vdc, 
lC = 50 mAdc, Ibi = >B2 = 5-° mAdc) 
'on 


— 
400 
ns 


Turn-Off Time 
toff 
- 
600 
ns 


(1) Pulse Test: Pulse Width < 300 fts. Duty Cycle =s 2.0%. 


FIGURE 1 — JUNCTION CAPACITANCE VARIATIONS 
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FIGURE 2 — GAIN-BANDWIDTH PRODUCT 
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FIGURE 3— CURRENT GAIN CHARACTERISTICS versos JUNCTION TEMPERATURE 
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2N3634 
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FIGURE 4— CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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FIGURE 5 — CURRENTGAINCHARACTERISTJCSversosJUNCTION TEMPERATURE 
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2N3634 
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FIGURE 6 — CURRENTGAIN CHARACTERISTICS versus COLLECTOR EMITTERVOLTAGE 
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FIGURE 8 — 
OUTPUT IMPEDANCE 
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2N3634 


FIGURE 9 — 
CURRENT GAIN 
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FIGURE 10 — 
VOLTAGE FEEDBACK RATIO 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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FIGURE 13— SWITCHING TIME TEST CIRCUIT 
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RGURE 14 — TURN-ON TIMEVARIATIONS WTTH VOLTAGE 
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RGURE 15— TURN-OFF TIMEVARIATIONS WTTH CIRCUIT GAIN" 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VceS 
20 
V 
Collector-Base Voltage 
vCBO 
30 
V 
Emitter-Base Voltage 
Vebo 
30 
V 


Collector Current — Continuous 
ic 
100 
mA 
TotalDevice Dissipation @Ta = 25'C 
Derate above 25°C 
PD 
400 
2.3 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3677 


CASE 026-03, STYLE 1 
TO-46 (TO-206AB) 


LOW POWER CHOPPER 
TRANSISTOR 


PNP SIUCON 


Symbol 
Min 
Max 
Unit 


Emitter-Collector Breakdown Voltage 
(lC = 1.0 nA) 
V(BR)ECS 
20 
- 
V 


Collector-Base Breakdown Voltage 
(lC = 1.0 mA) 
v(BR)CBO 
30 
— 
V 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mA) 
V(BR)EBO 
30 
— 
V 


Collector Cutoff Current 
(Vcb = 30 V) 
'CBO 
— 
1.0 
nA 


Emitter Cutoff Current 
(VEB = 30 V) 
lEBO 
— 
1.0 
nA 


ON CHARACTERISTICS 


Offset Voltage 
(IB = 1.0 mA) 
vEC(ofs) 
- 
1.0 
mV 


Common-Collector static forward transfer ratio 
«E = LOmAVEC = 60 V) 
hfe 
4.0 
— 
— 


On series resistance 
(IB = 1.0 mA) 
fs 
0.1 
8.0 
ohms 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCb = 60 V, f = 159 kHz) 
Cobo 
- 
10 
pF 


Input Capacitance 
(Veb = 6.0 V. f = 159 kHz) 
Cjbo 
— 
- 
6.0 
pF 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(lC = 1.0 mA, VCe = 6.0 V,f = 1.0 MHz) 
Ihfel 
5.0 
— 
— 
• 


SMALL-SIGNAL DEVICES 
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2N3712 


CASE 79, STYLE 1 
TO-39 (205AD) 


AMPUFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
150 
Vdc 


Collector-Base Voltage 
VCBO 
150 
Vdc 


Emitter-Base Voltage 
vEbo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 25"C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/*C 


Operating and Storage Junction 
Temperature Range 
tj. T8tg 
-65 to +200 
°C 


Refer to 2N3438 for graphs. 


ELECTRICALCHARACTERISTICS (TA= 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 30 mAdc, Ib = 0) 
V(BR)CEO 
150 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 ftAdc, Ie = 0) 
V(BR)CBO 
150 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc.lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb ° 75 vdc, Ie =• o) 
(Vcb = 75 Vdc, Ie = 0, Ta = 150°C) 


"CBO 


- 
0.1 
50 


/iAdc 


Emitter Cutoff Current 
(VBE = 4.0 Vdc, lc = 0) 
<EBO 
— 
0.1 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, Vce 
(lC = 30 mAdc, Vqe 
10 Vdc) 
10 Vdc) 


Collector-Emitter Saturation Voltaged) 
dC ° 50 mAdc, Ib = 5.0 mAdc) 


Base-Emitter Saturation Voltaged) 
dc = 50 mAdc, Ib = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc, Vce " 10 Vdc. * ' 
20 MHz) 


Output Capacitance 
(VcB = 20Vdc,lE 
0, f = 1.0 MHz) 


Input Capacitance 
(Vbe = 0.5Vdc,lc = 0. f ° 10 MHz) 


Small-Signal Current Gain 
(lC ° 30 mAdc,Vce ° 10 Vdc,f - 1.0 kHz) 


Collector Base Time Constant 
(lE = 30 mAdc, Vcb " 10Vdc f = 31.9MHz) 
(1)Pulse Test: Pulse Width < 300 fts, Duty Cycle « 2.0%. 
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hFE 


VCE(sat) 


vBE(sat) 


C0bo 


Cibo 


rb'Cn 


25 
30 


25 


150 


2.0 


0.9 


240 


80 


100 


Vdc 


Vdc 


MHz 


pF 


PF 


ps 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3724 
2N372S 
Unit 


Collector-Emitter Voltage 
Vceo 
30 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.8 
4.6 
Watts 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
3.5 
2.0 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
tJ.Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA •= 25°C unless otherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


2N3724 
2N3725 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MIn 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
2N3725 
2N3724 


V(BR)CEO 
50 
30 


- 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
dc = io nAdc,Vbe = °> 
2N3725 
2N3724 


V(BR)CES 
80 
50 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 A*Adc. l£ = 0) 
2N3725 
2N3724 


V(BR)CBO 
80 
50 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 vdc, Ie = o) 
2N3725 
(Vcb = 40 Vdc, Ie = 0) 
2N3724 
(Vcb = 60 Vdc, l£ = O,Ta = 100°C) 
2N3725 
(Vcb ° 60 Vdc, Ie = O,Ta = 100X) 
2N3724 


'CBO 


— 


0.12 
0.12 
1.7 
1.7 
120 
120 


iiAdc 


Collector Cutoff Current 
(vCE = so vdc, veb = 0) 
2N3725 
(Vce = 60 Vdc, VEb =• 0) 
2N3724 


>CES 


- 
0.15 
0.15 
10 
10 


ftAdc 


Base Current 
(VCE = 50 V, VEb = 0) 
2N3724 
(Vce = so v, vEB ° 0) 
2N3725 


>B 
"— 
10 
ftAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
hpE 
dC = 10 mAdc, VCe - 1-0Vdc) 
30 
dC = 100 mAdc, VCe = 10 Vdc) 
60 
150 
dC = 100 mAdc, Vce = 10 Vdc, Ta = -55°C) 
30 
dc = 300 mAdc, VCe = 10 Vdc) 
40 
dC = 500 mAdc, Vce = 10 Vdc) 
35 
dC = 500 mAdc,Vce = 10 Vdc,Ta = -SS'C) 
20 
dC = 800 mAdc, VC£ = 2.0 Vdc) 
25 
_ 
dC = 10 Adc, Vce = 5.0 Vdc) 
30 
dC = 800 mA, Vce = 2.0 V) 
2N3725 
20 
(lC = 1.0Adc,VCE = 5.0 V) 
2N3725 
25 
— 
— 
Collector-Emitter Saturation Voltage 
vBE(sat) 
Vdc 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
2N3725 
2N3724 


— 
0.17 
0.17 
0.25 
0.25 


SMALL-SIGNAL DEVICES 
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2N3724, 2N3725 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


dC = 100 mAdc, Ib = 10 mAdc) 
2N3725 
2N3724 


- 
0.19 
0.19 
0.26 
0.20 


dC = 300 mAdc, Ib = 30 mAdc) 
2N3725 
2N3724 


— 
0.25 
0.25 
0.40 
0.32 


dC = 500 mAdc, Ib = 50 mAdc) 
2N3725 
2N3724 


— 
0.30 
0.30 
0.52 
0.42 


(lC = 800 mAdc, Ib = 80 mAdc) 
2N3725 
2N3724 


— 
0.43 
0.43 
0.80 
0.65 


dC = 1.0 mAdc, Ib = 100 mAdc) 
2N3725 
2N3724 


- 
0.55 
0.55 
0.95 
0.75 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
0.76 
Vdc 


(lC = 100 mAdc, Ib = 10 mAdc) 
— 
— 
0.86 
(lc = 300 mAdc, Ib = 30 mAdc) 
— 
— 
1.1 
(lC = 500 mAdc, Ib = 50 mAdc) 
0.8 
— 
1.1 
(lC = 800 mAdc, Ib = 80 mAdc) 
— 
— 
1.5 
dC = 1.0 Adc, Ib = 100 mAdc) 
— 
— 
1.7 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 10Vdc, f = 100 MHz) 
fT 
300 
— 
— 
MHz 


Output Capacitance 
(Vcb = 10vdc, Ie = o, f = 1.0 mhz) 
2N3725 
2N3724 


C0bo 


- 
- 
10 
12 


pF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cjbo 
— 
— 
55 
pF 


(1) Pulse Test: Pulse Width « 300 fts. Duty Cycle 
(2)ft=|hfel'ftest- 


1.0%. 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCc - 30 Vdc. VBE(0ff) - 3.8 Vdc, 
lC "* 500 mAdc, I131 "50 mAdc) 


(Figure* 8,10) 


td 
- 
S.O 
10 
RS 


Rise Time 
«r 
- 
IS 
30 
ns 


Turn-On Time 
•on 
- 
20 
35 
ns 


Storage Time 
(Vcc " 30 Vdc. lc • 500 mAdc, 
'B1 " 'B2 " 50 mAdc) 
(Figures 9, 10) 


»s 
- 
35 
SO 
ns 


Fall Time 
tf 
- 
20 
25 
ns 


Turn-Off Time 
«off 
- 
50 
60 
ns 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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SMALL-SIGNAL DEVICES 


2N3724, 2N3725 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 - 
DC CURRENT GAIN 
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FIGURE 4 - 
COLLECTOR SATURATION REGION 
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FIGURE 3 - 
"ON" VOLTAGES 


14 
Tj = 


/ 
S 


— VBE(satl<s>IC/lBs in 


n? 


n 
VCEta)«"C»B = 


+2.5 


♦2.0 


♦1.8 


+1.0 


-0.5 


-1.0 


-1.5 


-2.0 


-2.5 


20 
50 
100 
200 


IC.COLLECTOR CURRENT ImA) 


FIGURE 5 - TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 - CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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FIGURE 7 - 
CAPACITANCE 
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MOTOROLA SEMICONDUCTORS 


2N3724, 2N3725 


FIGURE 8 - 
TURN-ON TIME 
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FIGURE 10 - 
SWITCHING TIME TEST CIRCUIT 
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FIGURE 9 - TURN-OFF TIME 
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FIGURE* 11 - COLLECTOR CUTOFF CURRENT 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N3734 
2N3736 
2N3735 
2N3737 
UnH 


Collector-Emitter Voltage 
Vceo 
30 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
75 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
1.5 
Adc 


TO-39 
2N3734 
2N3735 


TO-46 
2N3736 
2N3737 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
PD 
1.0 
5.71 
0.5 
2.86 
Watt 
mW/T 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
4.0 
22.8 
2.0 
11.4 
Watts 
mW/*C 


Operating and Storage Junction 
Temperature Range 
TJ< Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
2N3734 
2N3736 
2N3735 
2N3737 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
0.044 
0.088 
°C/mW 


Thermal Resistance, Junction to Ambient 
R&JA 
0.175 
0.35 
°C/mW 


ELECTRICALCHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


2N3734 
2N3735 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


2N3736 
2N3737 


CASE 26, STYLE 1 
TO-46 (TO-206AD) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Refer to 2N3725 for graphs. 


Min 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
2N3734, 2N3736 
2N3735, 2N3737 


V(BR)CEO 
30 
50 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 fiAdc. Ig = 0) 
2N3734,2N3736 
2N3735, 2N3737 


v(BR)CBO 
50 
75 


- 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 10 ftAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 25 Vdc, Veb = 2 Vdc) 
2N3734, 2N3736 
(Vce = 25 vdc, Veb = 2 vdc, ta = ioo°o 
(Vce = 40 vdc, veb = 2 vdc) 
2N3735,2N3737 
(VCe = 40 Vdc, VEB = 2 Vdc, Ta = 100°C) 


'CEX 


— 


0.20 
20 
0.20 
20 


ftAdc 


Base Cutoff Current 
(VCe = 25 Vdc. Veb = 2 Vdc) 
2N3734, 2N3736 
(Vce = 40 vdc, vEb = 2 Vdc) 
2N3735,2N3737 


IBL 


- 
0.3 
0.3 


fiAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
(lC = 10 mAdc, Vce = 1 Vdc) 
dC = 150 mAdc, Vce = 1 Vdc) 
(IC = 500 mAdc, Vce = 1 Vdc) 
dC = 1 Adc, Vce = 1-5 Vdc) 
2N3734, 2N3736 
2N3735, 2N3737 


(lC = 1-5Adc, Vce = 5 Vdc) 
2N3734,2N3736 
2N3735, 2N3737 


hFE 
35 
40 
35 
30 
20 


30 
20 


120 
80 


Collector-Emitter Saturation Voltaged) 
(/C = 10 mAdc, Ib = 1 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC - 500 mAdc, Ib = 50 mAdc) 
dC = 1 Adc, Ib = 100 mAdc) 


vCE(sat) 


- 


0.2 
0.3 
0.5 
0.9 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1 Adc, Ib = 100 mAdc) 


vBE(sat) 


0.9 


0.8 
1.0 
1.2 
1.4 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3734, 2N3735,2N3736, 2N3737 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
' 


SMALL-StGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
C0bo 
— 
9.0 
PF 


Input Capacitance 
(Vbe = 0-5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 
— 
80 
pF 


Small-Signal Current Gain 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
hfe 
2.5 
— 
— 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC = 30 V,VBE(off) = 2.0 V. IC = 1.0 Amp, lB1 = 100 mA) 
•on 
— 
40 
ns 


Turn-Off Time 
(VCC = 30 V, VBE(off) = 2-0V, lC = 1.0 Amp, IB1 = 100 mA) 
toff 
— 
60 
ns 


Total Control Charge 
(lC = 1 Amp, Ib = 100 mA, Vcc = 30 V) 
a. 
— 
10 
pC 


(1) Pulse Test: Pulse Width =s300 fts. Duty Cycle =s2.0%. 


P.W. ^200 n* 
RISETIME«£ 2 ft* 
OUTf CYCLE ^2% 


TURN-ON TIME 


+30V 
C> 


MOTOROLA SEMICONDUCTORS 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 
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TURN-OFF TIME 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
300 
Vdc 


Collector-Base Voltage 
VCBO 
300 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
pd 
1.0 
5.71 
Watt 
mW/°C 
Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-65 to +200 
'C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance/Junction to Case 
Rftjc 
35 
'CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
'CAN 


ELECTRICAL CHARACTERISTICS(Ta ° 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3742 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
300 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC ° 100 ftAdc, Ie = 0) 
V(BR)CBO 
300 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 fiAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(vCB = 2oo vdc, ie = o» 
(Vcb = 200 vdc, ie = o, Ta = ioo°o 


'CBO 


- 
0.2 
20 


ftAdc 


Emitter Cutoff Current 
(VEB = 6.0 Vdc, lc = 0) 
'EBO 
— 
0.2 
ftAdc 


ON CHARACTERISTICS'*) 
[DC Current Gain 
«C = 3.0 mAdc. Vce = 10 Vdc) 
dC = 10 mAdc, VCe = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 
dC = 50 mAdc, Vce = 20 Vdc) 


hFE 
10 
15 
20 
20 
200 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dc = 30 mAdc, Ib = 3.0 mAdc) 


VCE(sat) 


- 
0.75 
1.0 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 30 mAdc, Ib = 3.0 mAdc) 


vBE(sat) 


- 
1.0 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(3) 
(lC = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 
fr 
30 
- 
MHz 


Output Capacitance 
(VCb = 10 Vdc, 1E= 0, f = 100 kHz) 
C0bo 
— 
6.0 
PF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
80 
pF 


Input Impedance 
dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hje 
— 
2.0 
kohms 


Voltage Feedback Ratio 
dC = 10 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
nre 
— 
2.0 
X10-4 


Small-Signal Current Gain 
dC = 10 mAdc, Vce = 10 Vdc, f = 10 kHz) 
hfe 
20 
200 
- 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3742 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25*C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 
| 


Output Admittance 
(lC = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
h0e 
— 
50 
mhos 
I 


Real Part of Input Impedance 
(lC « 10 mAdc, Vce = 10 Vdc, f = 5.0 MHz) 
Re(hje) 
— 
200 
Ohms 


(1) Pulse Test: Pulse Width <s30 us, Duty Cycle « 1.0%. 
(2) Pulse Test: Pulse Width <s 300 us. Duty Cycle * 2.0%. 
(3)ft is defined as the frequency at which |hfe| extrapolates to unity. 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 4 - 
TEMPERATURE COEFFICIENTS 
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FIGURE 6 - CAPACITANCE 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
300 
Vdc 


Collector-Base Voltage 
VCBO 
300 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
>C 
50 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.7 
Watts 
mW/T 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3743 


JAN, JTX AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


AMPUFIER TRANSISTOR 


PNP SIUCON 


Symbol 
Min 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
dC ° 10 mAdc, Ib - 0) 
V(BR)CEO 
300 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 uAdc, l£ = 0) 
V(BR)CBO 
300 
— 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 100 ftAdc.lc =• 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 200 vdc. iE = o) 
(Vcb = 200 vdc, Ie = o, ta = iooxi 


'CBO 


- 
0.3 
30 


uAdc 


Emitter Cutoff Current 
(vEB = 3.0 Vdc, ic = o) 
>EBO 
— 
0.1 
uAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 100 uAdc, Vce = 10 Vdc) 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
(lC = 30 mAdc, Vce = 10 Vdc) 
dC = 50 mAdc, Vce = 20 Vdc) 


hFE 
20 
25 
25 
25 
25 
250 


Collector-Emitter Saturation VoItage(2) 
dc " 10 mAdc, Ib = 1 mAdc) 
dC = 30 mAdc, Ib = 3 mAdc) 


VcE(sat) 


- 
5.0 
8.0 


Vdc 


Base-Emitter Saturation Voltage(2) 
dc = 10 mAdc, Ib = 1 mAdc) 
dC = 30 mAdc, Ib = 3 mAdc) 


VBE(sat). 


- 
1.0 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb - 20 Vdc, lE = 0, f = 100 kHz) 
cobo 
- 
15 
pF 


Input Capacitance 
(Veb = 1-0 Vdc, IC = 0, f = 100 kHz) 
Cfbo 
— 
400 
PF 


Input Impedance 
(Vce = 10 V, lC = 10 mA, f = 1 kHz) 
hie 
— 
1.0 
kohms 


Voltage Feedback Ratio 
(VCe = 10 V, lC = 10 mA, f = 1 kHz) 
hre 
— 
4.0 
X10-4 


Small-Signal Current Gain 
(VCe " 10 V, lc = 10 mA, f = 1 kHz) 
hfe 
30 
300 
- 


SMALL-SIGNAL DEVICES 
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2N3743 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Current Gain — High Frequency 
(lC = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 
Nel 
1.5 
- 
- 


Output Admittance 
(VCe = 10 V. lc = 10 mA, f = 1 kHz) 
hoe 
— 
200 
jimhos 


Real Part of Input Impedance 
(lC = 10 mAdc, Vce = 10 Vdc, f = 5 MHz) 
Re(hje) 
— 
40 
ohms 


(1) PW <s30 fts, Duty Cycle < 1.0%. 
(2) PW * 300 fts. Duty Cycle « 2.0%. 
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SMALL-SIGNAL DEVICES 


2N3743 
CURRENT GAIN CHARACTERISTICS versus COLLECTOREMinER VOLTAGE 
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2N3743 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3762 
2N3764 
2N3763 
2N3765 
Unh 


Collector-Emitter Voltage 
VcEO 
40 
60 
Vdc 


Collector-Base Voltage 
VCBO 
40 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.5 
Adc 


TO-5 
2N3762 
2M3763 


TO-46 
2N3764 
2M3765 


Total Device Dissipation @ Ta, = 25°C 
Derate above 25°C 
PD 
1.0 
5.71 
0.5 
2.86 
Watt 
mWVC 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
4.0 
22.8 
2.0 
11.4 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj< Tstg 
-65 to +200 
•c 


Lead Temperature 
1/16" from Case for 10 Seconds 
TL 
+ 235 
•c 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
2N3762 
2N3763 
2N3764 
2N3765 
Unh 


Thermal Resistance, Junction to Case 
RflJC 
44 
88 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
350 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


2N3762, 2N3763 
2N3764. 2N3765 


JAN, JTX, JTXV AVAILABLE 
CASE 79, CASE 26, STYLE 1 
TO-39, TO-46 


SWITCHING TRANSISTOR 


PNP SIUCON 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(lC =• 10 mAdc, Ib = 0) 
2N3762, 2N3764 
2N3763, 2N3765 


V(BR)CEO 
40 
60 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 /iAdc. Ie = 0) 
2N3762, 2N3764 
2N3763, 2N3765 


V(BR)CBO 
40 
60 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc,lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 Vdc, Veb = 2.0 Vdc) 
2N3762, 2N3764 
(Vce a 20 vdc, vEb = 2.0 vdc, ta = ioo°o 
(Vce = 30 Vdc, Veb = 2.0 Vdc) 
2N3763, 2N3765 
(Vce = 30 vdc, vEb = 2.0 vdc, Ta = ioo°o 


>CEX 


— 


0.10 
10 
0.10 
10 


ftAdc 


Base Cutoff Current 
(VCe = 20 Vdc, VEb = 2.0 Vdc) 
2N3762.2N3764 
(Vce = 30 Vdc. VEb = 2.0 Vdc) 
2N3763, 2N3765 


>BL 


- 
0.2 
0.2 


ftAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
(lC = 10 mAdc, Vce = 10 Vdc) 
dC = 150 mAdc. Vce = 1-0 Vdc) 
dC = 500 mAdc, Vce = 10 Vdc) 
dC= 1.0 Adc, Vce = 1.5 Vdc) 
2N3762, 2N3764 
2N3763, 2N3765 


dC = 1.5 Adc. Vce = 50 Vdc) 
2N3762, 2N3764 
2N3763, 2N3765 


hFE 
35 
40 
35 
30 
20 


30 
20 


120 
80 


Collector-Emitter Saturation Voltaged) 
dC •= 10 mAdc, Ib = 1.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
dc = 500 mAdc, Ib = SOmAdc) 
dC = 1.0 Adc. IB = 100 mAdc) 


VCE(sat) 


- 
0.1 
0.22 
0.5 
0.9 


Vdc 


Base-Emitter Saturation Voltaged) 
(lC = 10 mAdc, Ib =• 1.0 mAdc) 
dC = 150 mAdc, Ib = 15 mAdc) 
dc ° 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, lB => 100 mAdc) 


vBE(sat) 


0.9 


0.8 
1.0 
1.2 
1.4 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3762, 2N3763, 2N3764, 2N3765 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
Unit 
| 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb ° 10 Vdc, l£ = 0. f = 100 kHz) 
Cobo 
— 
15 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
80 
pF 


Current Gain — High Frequency 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
2N3762, 2N3764 
2N3763, 2N3765 


Ihfel 
1.8 
1.5 


- 


— 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCC - 30 V,VBE(off) = 2.0 V, 
lC = 1.0 Amp, Ibi = 100 mA) 
td 
— 
8.0 
ns 


Rise Time 
tr 
— 
3.5 
ns 


Storage Time 
(Vcc = 30 V, lC = 1.0 Amp, 
IBI = -'B2 = 100 mA) 
»s 
— 
80 
ns 


Fall Time 
tf 
— 
35 
ns 


Total Control Charge 
dC = 1.0 Amp, Ib = 100 mA, Vcc = 3° v> 
Or 
— 
30 
pC 


(1) Pulse Test: PW * 300 fts. Duty Cycle « 2.0%. 
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This graph shows theeffect ofbase current oncollector current/So(cur 
rent gain at theedge olsaturation) isthecurrent gain ofthetransistor at 1 
volt, and Bf (forced gain) istheratio ofIc/I«finacircuit. EXAMPLE: For type 
2N3734, estimate a basecurrent ilu)toensure saturation at a temperature of 
25°C and a collector of 500 mA. 
Observe thatat lc - 500mA anoverdrive factorolat least2.0isrequired 
to drive thetransistor wellintothe saturation region. From Figure 1, it is seen 
that Fife @ 1voltistypically 54(guaranteed limits from theTable ofChar 
acteristicscan be usedfor "worst-case" design). 
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2N3762, 2N3763, 2N3764, 2N3765 


ACTIVE REGION SAFE OPERATING AREAS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3798 
2N3799 
2N3738A 
2N3799A 
Unit 


Collector-Emitter Voltage 
VCEO 
60 
SO 
Vdc 


Collector-Base Voltage 
VcBO 
60 
90 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
'C 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
0.36 
2.06 
Watt 
mVWX 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
6.86 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance.-Junction to Case 
Rajc 
0.15 
"C/mW 


Thermal Resistance, Junction to Ambient 
RflJA 
0.49 
°C/mW 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


2N3798 
2N3799 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


MIn 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc, Ib = 0) 
2N3798, 2N3799 
V(BR)CEO 
60 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 fiAdc. Ig = 0) 
2N3738, 2N3799 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, i£ = o) 
(Vcb = 50 Vdc, Ie = 0, Ta = 150°C) 


'CBO 


- 
- 
0.01 
10 


ftAdc 


I Emitter Cutoff Current 
1 (vBe = 4.o vdc, ic = 0) 
>EBO 
— 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 1.0 ftAdc, Vce - 5.0 Vdc> 
2N3799 


dC = 10 ftAdc, Vce = 5.0 Vdc) 
2N3798 
2N3799 


dC = 100 /iAdc, Vce = 5.0 Vdc) 
2N3798 
2N3799 


dC = 100 ftAdc,Vce = 5.0 Vdc, Ta = -55"C) 
2N3798 
2N3799 


(lC = 500 jjAdc, Vce = 5.0 Vdc) 
2N3798 
2N3799 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 
2N3798 
2N3799 


(lC = 10 mAdc, Vce = 5.0 Vdc) 
2N3798 
2N3799 


hFE 
75 


100 
225 


150 
300 


75 
150 


150 
300 


150 
300 


125 
250 


- 
450 
900 


Collector-Emitter Saturation Voltaged) 
dC = 100 ftAdc, Ib = 10 /iAdc) 
dc = 1.0 mAdc, Ib = 100 ftAdc) 


VcE(sat) 


- 
- 
0.2 
0.25 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 100 ftAdc, Ib = 10 uAdc) 
dC = 1.0 mAdc, Ib = 100 uAdc) 


VBE(sat) 


- 
- 
0.7 
0.8 


Vdc 


Base-Emitter On Voltage 
dC = 100 A«Adc, VCe = 5.0 Vdc) 
VBE(on) 
— 
— 
0.7 
Vdc 


SMALL-SIGNAL DEVICES 
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2N3798, 2N3799 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25"Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 500 uAdc.Vce = 5.0 Vdc,f = 30 MHz) 
(lC = 1.0 mAdc, VcE = 5.0 Vdc,f = 100 MHz) 


fT 
30 
100 


- 
500 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
— 
4.0 
PF 


Input Capacitance 
(Vbe = 0-5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 
— 
— 
8.0 
PF 


Input Impedance 
(lC = 1.0 mAdc,Vce = 10 Vdc,f = 1.0 kHz) 
2N3798 
2N3799 


hje 
3.0 
10 


- 
15 
40 


kohms 


Voltage Feedback Ratio 
(lC = 1.0 mAdc,Vce = 10 Vdc,f = 1.0 kHz) 
"re 
— 
— 
25 
X10-4 


Small-Signal Current Gain 
dC = 1.0mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3798 
2N3799 


hfe 
150 
300 


- 
600 
900 


Output Admittance 
(IC = 1.0 mAdc.Vce = 10 Vdc'f = 10 kH*> 
"oe 
5.0 
— 
60 
/JJTthOS 


Noise Figure 
(It = 100ftAdc, Vce = 1° Vdc,Rq = 3.0 kohms), 
f = 100 Hz, B.W. = 20 Hz 
2N3798 
2N3799 
Spot 
f = 1.0 kHz, B.W. = 200 Hz 
2N3798 
Noise 
2N3799 


f = 10 kHz, B.W. = 2.0 kHz 
2N3798 
2N3799 


Broadband Noise-Bandwidth 10 Hz to 15.7 kHz 
2N3798 
2N3799 


NF 


- 


4.0 
2.5 


1.5 
0.8 


1.0 
0.8 


2.5 
1.5 


7.0 
4.0 


3.0 
1.5 


2.5 
1.5 


3.5 
2.5 


dB 


(1) Pulse Test: Pulse Width «s 300 fts, Duty Cycle « 2.0%. 
(2) fr is defined as the frequency at which |hfe|extrapolates to unity. 
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FIGURE 1 - 
SOURCE RESISTANCE EFFECTS, f = 1.0 kHz 
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FIGURE 2 - 
SOURCE RESISTANCE EFFECTS, f = 10 Hz 
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FIGURE 3 - 
FREQUENCY EFFECTS 
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FIGURE 4a — TYPICAL CURRENT 
GAIN CHARACTERISTICS-2N37S8 
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RGURE 4b — TYPICAL CURRENT 
GAIN CHARACTERISTICS — 2N3799 
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2N3946 
2N3947 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.36 
2.06 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Pd 
1.2 
6.9 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rftic 
0.15 
°C/mW 


Thermal Resistance, Junction to Ambient 
RflJA 
0.49 
"C/mW 


ELECTRICALCHARACTERISTICS (TA= 25°Cunless otherwise noted.) 
D 
Characteristic 
Symbol 
MIn 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 tiAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 (iAdc, lc ° 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = *° vdc, Vob = 3.o vdc) 
(vCe ° 40 vdc, vob = 3.o vdc, ta = i50°o 


>CEX 


- 
0.010 
15 


ftAdc 


Base Cutoff Current 
(Vce = 4° vdc, vqb = 3.0 vdc) 
>BL 
— 
.025 
uAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 0.1 mAdc,VCe = 10 Vdc) 
2N3946 
2N3947 


dC = 1.0mAdc,Vce = 10 Vdc) 
2N3946 
2N3947 


dC = 10mAdc,Vce = 1-0Vdc) 
2N3946 
2N3947 


dC =• 60mAdc,Vce = 10 Vdc) 
2N3946 
2N3947 


"FE 
30 
60 


45 
90 


50 
100 


20 
40 


150 
300 


Collector-Emitter Saturation Voltaged) 
dC = 10mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.2 
0.3 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.6 
0.9 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 20 Vdc, f = 100MHz) 


Output Capacitance 
(VCB=10VdcJE 
0, f = 100 kHz) 


MOTOROLA SEMICONDUCTORS 


2N3946 
2N3947 
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C0bo 


250 
300 


MHz 


pF 


SMALL-SIGNAL DEVICES 


2N3946, 2N3947 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Input Capacitance 
(Vbe ° 1-0Vdc, lc = 0, f = 100 kHz) 
Cibo 
- 
8.0 
PF 


Input Impedance 
dC = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 
2N3946 
2N3947 


hie 
0.5 
2.0 
6.0 
12 


kohms 


Voltage Feedback Ratio 
dC = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 
2N3946 
2N3947 


"re 


- 
10 
20 


X10-4 


Small Signal Current Gain 
(lC = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 
2N3946 
2N3947 


hfe 
50 
100 
250 
700 


— 


Output Admittance 
dC = 1.0mA, Vce = 10V, f = 1.0kHz) 
2N3946 
2N3947 


h0e 
1.0 
5.0 
30 
50 


ixmhos 


Collector Base Time Constant 
dC = 10 mA Vce = 20 V, f = 31.8 MHz) 
rb'Cc 
— 
200 
ps 


Noise Figure 
dc = 100fiA, VCe = 5.0 V,Rfl = 1.0kn, f = 10 Hz to 15.7kHz) 
NF 
— 
5.0 
dB 


SWITCHING CHARACTERiSTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


Vcc = 3.0 Vdc, Vob = 0.5 Vdc, 
lC = 10 mAdc, Ibi = 1.0 mA 


VCc = 3.0 V, lc = 10 mA, 


IBI = 'B2 = 1-0 mAdc 


(1) Pulse Test: PW < 300 (is. Duty Cycle < 2%. 


2N3946 
2N3947 


35 


35 


300 
375 


75 


TYPICAL SWITCHING CHARACTERISTICS 
(T^= 25°C unless otherwise noted) 


DELAY AND RISE TIME 


1 
1 1 


' 
t 
^ 
s 
c-<OV 


to*Lk2 
II 
V| 
fcc-I5V *s 
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iD 
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s°/" 
.. 
\ 
S 
2&UK 


T s' 


— 
N 
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<. 
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10 


lo COLLECTOR CtflBtENT (n»A) 
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RISE TIME 
llll 
k^ 
Vcc-15 Volts 
. 


Ic/I»-W 


— Tj-25'C 
. 


--Tj = lM0C 


*s 


V 
s 
* 
^3 
—\1 
1 
7N194 71 
! ^^ 
L- 
Sbl 
.- 
t 
>N374$. 


3.0 
S.0 
7.0 
10 


lc.C0U.aT0R CURRENT (mA) 


20 
30 


MOTOROLA SEMICONDUCTORS 


2N3946, 2N3947 


STORAGE AND FALL TIMES 


1000 


700 


500 


300 


200 
•a 
i 
h 
** 
100 


70 


SO 
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20 


1.0 


2N3946 


zzz — c/'i = 10 
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TURN-ONTIME EQUIVALENT TEST CIRCUIT 
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TURN-OFF TIME EQUIVALENT TEST CIRCUIT 
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AUDIO SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 
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2N3946, 2N3947 


300 


200 


J 
100 


70 


SO 


30 


h PARAMETERS 


Vc« = 10 V. Ta = 25*C. f = 1 Kc 


CURRENT GAIN 


_ am - 


*""•' 


OUTPUT ADMITTANCE 
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lc. COLLECTOR CURRENT (mAdd 
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10 


so 


20 


10 


| 
5.0 


J 
2.0 


1.0 


OS 


0.2 


INPUT IMPEDANCE 


3k_—. 
*VjkjJ 


X 
X 
— 
2N3947 


__:s., 


• 


VOLTAGE FEEDBACK RATIO 
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CURRENT GAIN CHARACTERISTICS 
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2N3947 
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— 
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CAPACITANCE 


Tj-25*C 
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'•k t 


II 
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o.i 
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REVERSE HASVOLTAGE (VOLTS) 


CHARGE DATA 
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COLLECTOR SATURATION REGION 
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TEMPERATURE COEFFICIENTS 


0ycforV«Mi 
25CCto I75"C 
•^ 
-ffi/ttaKHL 


-55*Cto25°C 


/ 
S" 


f**»orV, IMI 
25"C TO 175t 
^ 


20 
30 
40 


loCOLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


2N3962 
2N3963 
2N3964 
2N3965 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2N3798 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
2N3982 
2N3365 
2N3964 
2N3363 
Unit 


Collector-Emitter Voltage 
VcEO 
60 
45 
80 
V 


Collector-Base Voltage 
VCBO 
60 
45 
80 
V 


Emitter-Base Voltage 
VEBO 
6.0 
V 


Collector Current — Continuous 
ic 
200 
mA 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


PD 
0.36 
2.06 
Watt 
mW7°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
1.2 
6.85 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Unit 
Characteristic 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
(lC = 6.0 ma) 


Collector-Emitter Breakdown Voltage 
(IC = 10 ftA) 


Collector-Base Breakdown Voltage 
(lC = 10 ftA) 


Emitter-Base Breakdown Voltage 
(lC= 10mA) 


Collector Cutoff Current 
(VCE " 50 v; 2N3364 
(Vce ° 7Qv> 


Collector Cutoff Current 
(VCE - 50 V) 
(Vce - 70 vj 
(Vce - 40 v) 
(vCE - so v) 


Emitter Cutoff Current 
(VEB " 4.0 V) 


ON CHARACTERISTICS 


40 V) 


DC Current Gain(1) 
dc = 10 ftA,vCE = 5.o v) 


dc = 100nA.Vce = 5.o v» 


dC = 1.0 mA Vce = 5.0) 


dc = io uA.vCe = 5.o,ta = -ss-ci 


MOTOROLA SEMICONDUCTORS 


2N3962, 2N3965 
2N3363 
2N3364 


2N3962, 2N3S65 
2N3363 
2N3S64 


2N3962, 2N3S65 
2N3363 
2N3964 


2N3965, 2N3962 
2N3363 


2N3S62 
2N3963 
2N3964 
2N3S65 


Symbol 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 


V(BR)EBO 


'CBO 


ices 


>EBO 


MIn 


60 
80 
45 


60 
80 
45 


60 
80 
45 


6.0 


Max 


10 
10 


10 


Vdc 


Vdc 


Vdc 


Vdc 


nAdc 


nAdc 


nAdc 


2N3S62, 2N3S63 
2N3984, 2N3965 


hF£ 
100 
250 
300 
500 


2N3962, 2N3963 
2N3964, 2N3965 


100 
250 


— 


2N3962, 2N3963 
2N3964, 2N396S 
100 
250 
450 
600 


2N3962, 2N3S63 
2N3964, 2N3965 
40 
100 
- 


SMALL-SIGNAL DEVICES 
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2N3S62, 2N3963, 2N3964, 2N3965 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 250C unless otherwise noted.) 


Characteristic 


dc = 1.0 mA, Vce = 5.0 V, TA = 100X) 


dc = 1.0 ttA,Vce = 5.ov) 


dc = 10 mA, Vce = 5.0 V) 


dc = 50 mA, Vce = 5.0 V) 


dc = 50 mA, Vce = 5.0 V,Ta = -55*C) 


Collector-Emitter Saturation Voltage 
dC = 10 mA, Ig = 0.5 mA) 
dC ° 50 mA Ib " S.OmA)(1) 
Base-Emitter Saturation Voltage 
dC = 10 mA, lB = 0.5 mA) 
dc " 50 mA, Ib ° S.OmA)(1) 


2N3962, 2N3963 
2N3964, 2N3965 


2N3962, 2N3963 
2N3964, 2N3965 


2N3962, 2N3963 
2N3964, 2N3965 


2N3S62, 2N3963 
2N3964, 2N3965 


2N3962, 2N3963 
2N3964, 2N3965 


Symbol 


vCE(sat) 


VBE(sat) 


Min 


60 
180 


100 
200 


SO 
180 


45 
90 


Max 


600 
800 


0.25 
0.4 


0.9 
0.95 


Unit 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 5.0 V,f = 1.0 MHz) 
C0do 
— 
6.0 
pF 


Input Capacitance 
(VEB = 0.5V,f = 1.0 MHz) 
cibo 
— 
15 
PF 


Input Impedance 
dC = 1.0 mA Vce = 5.0 V,f = 1.0 kHz) 
2N3S62, 2N3963 
2N3964, 2N3965 


hje 
2.5 
6.0 
17 
20 


kn 


Voltage Feedback Ratio 
dC = 1.0 mA Vce = 5.0, f = 1.0 kHz) 
nre 
— 
10 
10-4 


Small-Signal Current Gain 
dC = 1.0 mA,Vce = 6.0 V,f = 1.0 kHz) 
2N3962, 2N3S63 
2N3S64, 2N3965 


hfe 
100 
250 
550 
700 


- 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
dC = 0.5 mA,Vce = 5.0 V,f = 200 MHz) 
2N3962, 2N3963 
2N3964, 2N3965 


Ihfel 
2.0 
2.5 
8.0 
8.0 


- 


Output Admittance 
dC = 1.0mA,Vce = 5.0, f = 1.0 kHz) 
2N3962, 2N3963 
2N3964, 2N3S65 


h0e 
5.0 
5.0 
40 
50 


/umbos 


Noise Figure 
dC = 20 mA,Vce = 5.0V,BW= 15.7kHz) 
2N3362, 2N3963 
2N3964, 2N3965 


dC = 20 ftA, Vce = 5.0 V, BW = 1.5 kHz, 
2N3962,2N3963 
f = 10 kHz, Rs = 10 kO) 
2N3964, 2N3965 


dC " 20 /uA, Vce = 5.0 V,BW = 150 Hz, 
2N3962, 2N3363 
f = 1.0 kHz, Rs = 10 kO) 
2N3964, 2N3965 


dC = 20 ftA, Vce "• 5.0V,BW= 15 Hz, 
2N3962, 2N3963 
f = 100Hz, Rs «• 10 ktt) 
2N3964, 2N3865 


dC = 20 ftA, VCe = 5.0V,BW= 2.0 Hz, 
2N3364, 2N3965 
f = 10 Hz, RS = 10 kn) 


NF 


- 


3 


2 


3 


2 


3 


2 


10 


4 


8 


dB 


(1) Pulse Test: PW « 300 p-s.Duty Cycle «: 2%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N4013 
2N4014 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4013 
2N4014 
Unit 


Collector-Emitter Voltage 
VcEO 
30 
50 
Vdc 


Collector-Base Voltage 
VCBO 
50 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Collector Current — Continuous 


— Peak 
ic 
1.0 
2.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
0.5 
28.6 
Watt 
mW/°C 


Total Device Dissipation @ Tfj = 25°C 
Derate above 25°C 
pd 
1.4 
6.8 
Watts 
mW/"C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 


Collector-Emitter Breakdown Voltage 
(IC= 10 ftAdc.Vbe = 0) 


Collector-Base Breakdown Voltage 
dC = 10 ftAdc. Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10ftAdc, lc " 0) 


Collector Cutoff Current 
(Vcb = so vdc, ie = oi 
(vCb = 40 vdc, Ie = o) 
(Vcb = co vdc, ie = o, ta = ioo°o 
(vCb ° 40 v<foIe = o. ta = ioo°ci 


Collector Cutoff Current 
(vCe = so vdc. Veb = o) 
(vCe = so vdc, Veb ° Q) 


ON CHARACTERISnCS(l) 


DC Current Gain 
dC = 10 mAdc,Vce = 10 vdc> 
dC = 100 mAdc,Vce = 1-0Vdc) 
dc = ioo mAdc, vce = i-o vdc, Ta = -ss-ci 
dC = 300mAdc,Vce = 10 Vdc) 
(lC = 500 mAdc,Vce = 10 Vdc) 
dC = 500mAdc, Vce = 10 Vdc, Ta = -55°C) 
dC = 800mAdc,Vce = 2.0Vdc) 


(lC = 1.0Adc,Vce = 5-0Vdc) 


Collector-Emitter Saturation Voltage 
(lC = 10mAdc, Ib = 10 mAdc) 


(lC= 100mAdc, Ib = 10 mAdc) 


MOTOROLA SEMICONDUCTORS 


2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 
2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 


2N4014 
2N4013 
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Symbol 


V(BR)CEO 


V(BR)CES 


V|BR)CBO 


V(BR)EBO 


ICBO 


ices 


"FE 


VcE(sat) 


Min 


50 
30 


80 
50 


80 
50 


6.0 


30 
60 
30 
40 
35 
20 
20 
25 


25 
30 


Typ 


0.12 
0.12 


0.15 
0.15 


0.17 
0.17 


0.19 
0.19 


Max 


1.7 
1.7 
120 
120 


10 
10 


150 


0.25 
0.25 


0.26 
0.20 


Unit 


Vdc 


Vdc 


Vdc 


Vdc 


ftAdc 


ftAdc 


Vdc 


SMALL-SIGNAL DEVICES 


2N4013, 2N4014 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


dC = 300 mAdc, Ib = 30 mAdc) 
2N4014 
2N4013 


(lC = 500 mAdc, Ib = 50 mAdc) 
2N4014 
2N4013 


dC = 800 mAdc, Ib = 80 mAdc) 
2N4014 
2N4013 


dc = 1.0 Adc, lfl = 100 mAdc) 
2N4014 
2N4013 


- 


0.25 
0.25 


0.30 
0.30 


0.43 
0.43 


0.55 
0.55 


0.40 
0.32 


0.52 
0.42 


0.80 
0.65 


0.95 
0.75 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 100 mAdc, Ib = 10 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
(lC = 800 mAdc, Ib = 80 mAdc) 
dC = 1.0 Adc, Ib = 100 mAdc) 


VBE(sat) 


0.8 


- 


0.76 
0.86 


1.1 


1.1 
1.5 
1.7 


Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
300 
— 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
2N4014 
2N4013 


Cobo 


- 
- 
10 
12 


pF 


Input Capacitance 
(VEb = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
— 
55 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCC = 30 Vdc, VBE(off) = 3.8 Vdc, 
lC = 500 mAdc, Ibi =50 mAdc) 
(Figures 8, 10) 


td 


— 
5.0 
10 
ns 


Rise Time 
tr 
— 
15 
30 
ns 


Storage Time 
(VCc = 30 Vdc, lc = 500 mAdc, 
2N4014 
•B1 
= >B2 = 50 mAdc) 
2N4013 
(Figures 9, 10) 


ts 
— 
30 
50 
ns 


Fall Time 
tf 
— 
20 
25 
25 
30 
ns 


Turn-On Time 
(VCC = 30 Vdc, VBE(off) = 3.8 Vdc, 
lC = 500 mAdc, Ibi = 50 mAdc) 
(Figures 8,10) 


ton 
20 
35 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 500 mAdc, 
2N4014 
IBI = >B2 = 50 mAdc) 
2N4013 
(Figures 9, 10) 


toff 


" 


50 
60 
ns 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 
(2)fT = |hfe|.ftesf 


SMALL-SIGNAL DEVICES 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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MOTOROLA SEMICONDUCTORS 


2N4013, 2N4014 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 - 
DC CURRENT GAIN 
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lC. COLLECTOR CURRENT (mA) 


FIGURE 4 - 
COLLECTOR SATURATION REGION 
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IB.BASE CURRENT (mA) 


FIGURE 3 - "ON" VOLTAGES 
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IC.COLLECTOR CURRENT (mA) 


FIGURE 5 - 
TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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MOTOROLA SEMICONDUCTORS 


FIGURE 7 - CAPACITANCE 
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SMALL-SIGNAL DEVICES 
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2N4013, 2N4014 


FIGURE 8 - 
TURN-ON TIME 
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IC. COLLECTOR CURRENT ImA) 


FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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SMALL-SIGNAL DEVICES 


FIGURE 9 - TURN OFF TIME 
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FIGURE 11 - COLLECTOR CUTOFF CURRENT 
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MOTOROLA SEMICONDUCTORS 
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2N4026 thru 2N4033 


2N4026-2N4029 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


JAN, JTX, TXV AVAILABLE IN 
2N4033 
2IM4030-2IM4033 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4026V28 
2N4030/32 
2N4027/29 
2N4031/33 
Unit 


Collector-Emitter Voltaged) 
VcEO 
60 
80 
Vdc 


Collector-Base Voltage 
VcBO 
60 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
5.0 
Vdc 


Collector Current — Continuous 
ic 


2N4026- 
2N4029 
2N4030- 
2N4033 


Adc 
1.0 
1.0 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
.5 
2.85 
1.25 
7.15 


W 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.0 
11.4 
7.0 
40 


W 
mWVC 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
°C 


Lead or Terminal Temperature(2) 
TL 
+ 300 
°C 


(1) Applicable 0 to 10 mA 
(2) Measured at a distance not less than 1/16" from seated surface (or case) for 60 Sec. 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
TO-18 
TO-39 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
40 
20 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
280 
140 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mA) 
2N4026,28,30,32 
2N4027,29,31,33 


v(BR)CEO 


- 
60 
80 


V 


Collector-Base Breakdown Voltage 
dC = 10 ftA) 
2N4026,28,30,32 
2N4027,29,31,33 


V(BR)CBO 


- 
60 
80 


V 


Emitter-Base Breakdown Voltage 
(lE = 10 ftA) 
V(BR)EBO 
— 
5.0 
V 


Collector Cutoff Current 
(Vcb = 50 V) 
2N4026,28,30,32 
(Vcb = 60 V) 
2N4027,29,31,33 
(Vcb = 50 V,Ta = 150°C) 
2N4026,28,30,32 
(VCB = 60 V,TA = 150°C) 
2N4027,29,31,33 


'CBO 


— 


50 
50 
50 


SO 


nA 


ftA 


Emitter Cutoff Current 
(VEB = 5.0 V) 
>EBO 
— 
10 
fA 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 100 mA vCe = so v, @ -WC) 
2N4026,27,30,31 
2N4028,29,32,33 


hF£ 
15 
40 


- 


dc = ioo ftA.vCe = s.o vi 
2N4026,27,30,31 
2N4028,29.32,33 
30 
75 


— 


dC = 100 mA Vce = 5.0 V) 
2N4026,27,30,31 
2N4028.29.32.33 
40 
100 
120 
300 


dC = 500 mA, Vce = 5.0 V) 
2N4026.27.30.31 
2N4028,29,32,33 
25 
70 
— 


dc = 1.0 a, vCe = 5.ov) 
2N4026.30 
2N4027.31 
15 
10 
— 


dc = 1.0 a vce = 5.ov) 
2N4028.32 
2N4029.33 
40 
25 
— 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N4026 thru 2N4033 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Collector-Emitter Saturation Voltage 
(lC = 150 mA, lB = 15 mA) 
(lC = 500 mA, Ib = 50 mA) 
dC = 1.0 A, Ib = 100 mA) 
2N4026,28,30,32 


VcE(sat) 


- 


0.15 
0.15 
1.0 


V 


Base-Emitter Saturation Voltage 
dC = 150 mA, Ib = 15 mA) 
VBE(sat) 
— 
0.9 
V 


Base-Emitter On Voltage 
dC = 1.0 A, Vce = 10 V) 
2N4026,28,30,32 
dC = 500 mA, Vce = 0.5 V) 


VBE(on) 


- 
1.2 


1.1 


V 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCe = 10V,f = 1.0 MHz) 
C0bo 
- 
20 
pF 


Input Capacitance 
(Veb = 0.5 V,f = 1.0 MHz) 
Cjbo 
— 
110 
PF 


Small Signal Current Gain 
dC = 50 mA, Vce = 10 V, f = 100 MHz) 
hfe 
1.0 
4.0 
— 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = 500 mA, Ibi = Ifl2 = 50 mA) 
ts 
- 
350 
ns 


Turn-On Time 
dC = 500 mA, Ibi = 50 mA) 
ton 
— 
100 
ns 


Turn-Off Time 
dC = 500 mA, Ibi = lB2 = 50 mA) 
toff 
— 
50 
ns 


(3) Pulse Width = 300 us, Duty Cycle 1.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N4036 
2N4037 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4036 
2N4037 
Unit 


Collector-Emitter Voltage 
Vceo 
65 
40 
(sus)(1) 
Vdc 


Collector-Base Voltage 
VcbO 
90 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
7.0 
7.0 
Vdc 


Base Current 
IB 
0.5 
Adc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Continuous Power Dissipation 
at or Below Tc = 25°C 
Linear Derating Factor 


pd 
5.0 
28.6 
1.0 
5.72 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. TStg 
-65 to +200 
"C 


Lead Temperature 
1/16" from Case for 10 Seconds 
TL 
230 
»c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
2N4036 
2N4037 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
25 
— 
'CAN 


(1) Must not be tested on a curve tracer. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERiSTICS 


Collector-Emitter Sustaining Voltage 
dC = 100mAdc, Ib = 0) 
2N4036 
2N4037 


VCEO(sus) 
65 
40 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1mAdc) 
2N4037 
V(BR)CBO 
60 
— 
Vdc 


Collector Cutoff Current 
(Vce = 85v< VBE = 1-5 V) 
2N4036 
(Vce = 30 v, vbe = 1-5v, Tc = isoxi 


'CEX 


- 
100 
0.1 


mAdc 


Collector Cutoff Current 
(Vcb = 90V,Ie = 0) 
2N4036 
(Vcb = 60V, Ie = 0) 
2N4037 


'CBO 


- 
100 
0.25 


uAdc 


Emitter Cutoff Current 
(Vbe = 7.0Vdc, lc = 0) 
2N4036 
(Vbe = 5.0Vdc, lc = 0) 
2N4037 


>EBO 


- 
10.0 
1.0 


uAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 150 mAdc,Vce = 2.0 V) 
dC = 0.1 mAdc,Vce = 10 V) 
dC = 1.0 mAdc,Vce = 10 V) 


dC = 150mAdc, Vce = 10V) 


dC = 600 mAdc, VcE ° 10 V) 


Collector-Emitter Saturation Voltage 
(lC = 150 mA,Ib = 15 mA) 


Base-Emitter Saturation Voltage 
dC ° ISO mA,Ib ° IS mA) 


Base-Emitter On Voltage 
dC = 150 mA VCE ° 10 v> 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VCB ° 10 V.f ° 1.0 MHz) 


Current Gain — High Frequency 
(lC = 50 mA Vce = 10 V,f = 20 MHz) 


MOTOROLA SEMICONDUCTORS 


2N4036 
2N4036 
2N4037 


2N4036 
2N4037 


2N4036 


2N4036 
2N4037 


2N4036 


2N4037 


2N4037 


2N4036 
2N4037 


4-170 


"FE 


VCE(sat) 


VBE(sat) 


VBE(on) 


Ccb 


Ihfel 


20 
20 
15 


40 
50 


20 


3.0 
3.0 


140 
250 


0.65 
1.4 


1.4 


1.5 


30 


10.0 


PF 


SMALL-SIGNAL DEVICES 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25CC unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


SWITCHING CHARACTERISTICS 


Rise Time 
(Igi 
= 15 mA) 
2N4036 
tr 


— 
70 
ns 


Storage Time 
(Iq2 = 15 mA) 
2N4036 
«s 


— 
GOO 
ns 


Fall Time 
(Ig2 = 15 mA) 
2N4036 
tf 


— 
100 
ns 


Turn-On Time 
Obi 
= 'B2> 
2N4036 
'on 
— 
110 
ns 


Turn-Off Time 
(Ibi = 'B2) 
2N.-103G 
•off 
— 
700 
ns 


CURRENT GAIN CHARACTERISTICS 
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SMALL-SIGNAL DEVICES 


DISSIPATION DERATING CURVE 
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TYPICAL SATURATION-VOLTAGE CHARACTERISTICS 


BASE CURRENT (Ib) 
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MOTOROLA SEMICONDUCTORS 
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2N4208 
2N4209 


JAN TX, TXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4208 
2N4209 
UnH 


Collector-Emitter Voltage 
VceO 
12 
15 
Vdc 


Collector-Base Voltage 
VcbO 
12 
15 
Vdc 


Emitter-Base Voltage 
VEBO 
4.5 
Vdc 


Collector Current — Continuous 
"C 
50-200 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
pd 
0.30-0.36 
1.72-2.06 
Watt 
mwrv 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.70-1.2 
4.0-6.9 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Refer to MM42S7 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 250C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 3.0 mAdc, Ib = 0) 
2N4208 
2N4209 
v(BR)CEO 
12 
15 


— 


__ 
Vdc 


Collector-Eminer Breakdown Voltage 
dc = 100 pAdc, Vbe = 0) 
2N4208 
2N4209 
V(BR)CES 
12 
15 


— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 ftAdc.Ie =• 0) 
2N4208 
2N4209 
V(BR)CBO 
12 
15 


— 
Vdc 


Emitter-Base Breakdown Voltage 
He - 100 ftAdc, lc = 0) 
V(BR)EBO 
4.5 
5.9 
— 
Vdc 


Collector Cutoff Current 
(VcE = 6.0 Vdc, Vbe = °> 
2N42C8 
(vCe = 8.o vdc, vBe = o) 
2N4209 
(VCE ° 60 Vdc. VBE = 0, Ta = 125X) 
2N4208 
(Vce = 80 Vdc,Vbe = 0, Ta = 125"C) 
2N4209 


ices 


- 


- 


10 
10 
5.0 
5.0 


nAdc 


ftAdc 


Base Current 
(VCe = 6.0 Vdc,Vbe = 0) 
2N4208 
(VCe = 8.0 Vdc,VBe = 0) 
2N4209 
'B 
— 
— 
1.0 
1.0 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc, Vce = 0.5 Vdc) 
2N4208 
2N4209 


dC = 10 mAdc, Vce = 0.3 Vdc) 
2N4208 
2N4209 


dC = 10 mAdc, Vce = 0.3 Vdc,Ta = -55°C) 
2N4208 
2N4209 


dC = 50 mAdc, Vce = 1-0VdcKD 
2N4208 
2N4209 


hFE 
15 
35 


30 
50 


12 
20 


30 
40 


- 
120 
120 


- 


Collector-Emitter Saturation Voltage 
(lC = 1.0 mAdc, Ib = 0.1 mAdc) 
2N4208 
2N4209 


dC = 10 mAdc, Ib = 10 mAdc) 
2N4208 
2N4209 


(lC = 50 mAdc, Ib = 5.0 mAdcKD 
2N4208 
2N4209 


VCE(sat) 


- 
- 


0.13 
0.15 


0.15 
0.18 


0.5 
0.6 


Vdc 


Base-Emitter Saturation Voltage 
dC = 1:0 mAdc, Ib •» 0.1 mAdc) 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
(lC =• 50 mAdc, Ib = 5.0 mAdc)(1) 


VBE(sat) 


0.75 
0.7 
0.86 
1.1 


0.8 
0.30 
1.5 


Vdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


4-172 


2N4208, 2N4209 


ELECTRICALCHARACTERISTICS (continued) (Ta ° 2S"C unless otherwise noted.) 


Characteristic 
Symbol 


SMALL-SIGNAL CHARACTERISTICS 


MIn 
Typ 
Max 
Unit 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 10Vdc, f = 100 MHz) 
2N4208 
2N4209 


»T 
700 
850 
1000 
1100 


- 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, lE = 0, f = 140 kHz) 
C0bo 
— 
2.0 
3.0 
PF 


Input Capacitance 
(Vbe ° o-5 Vdc< 'c = 0'f = I40 kH*> 
Cibo 
— 
2.0 
3.5 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC= 1.5 Vdc, VBE = o, 
lC = 10 mAdc, Ibi = 1.0 mAdc) 


ton 
— 
10 
15 
ns 


Delay Time 
td 
— 
5.0 
10 
ns 


Rise Time 
tr 
— 
5.0 
15 
ns 


Turn-Off Time 


(Vcc = 1.5 Vdc, 
lC = 10 mAdc, 
'B1 ° 'B2 = 1-0 mAdc) 


2N4208 
2N4209 


2N4208 
2N4209 


2N4208 
2N4209 


toff 
— 
12 
16 
15 
20 
ns 


Storage Time 
ts 
12 
17 
15 
20 


ns 


Fall Time 
tf 
— 
6.0 
8.0 
10 
10 


ns 


Storage Time 
dC - 10 mAdc, Ibi ~ 10 mAdc, Ib2 ** 10 mAdc) 
2N4208 
2N4209 


ts 


- 
- 
15 
20 


ns 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle <s 2.0%. 
(2)fr is defined as the frequency at which |hfe| extrapolates to unity. 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N4234 
2N4235 
2N4236 


CASE 079-02, STYLE 1 
TO-39 (TO-205AD) 


POWER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4234 
2N4235 
2N4236 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
60 
80 
Vdc 


Collector-Base Voltage 
VCBO 
40 
60 
80 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Base Current 
IB 
0.2 
Vdc 


Collector Current — Continuous 
"C 
1.0 
3.0» 
Adc 


Total Device Dissipation @ Ta = 
25°C 
Derate above 25°C 


pd 
1.0 
57 


Watt 
mW/'C 


Total Device Dissipation @ Tq = 
25'C 
Derate above 25'C 


pd 
6.0 
34 


Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
tj. Tstg 
-65 to +200 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unh 


Thermal Resistance, Junction to Case 
Raic 
29 
°CAV 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
2N4234 
dC = 100 mAdc, Ib = 0) 
2N4235 
2N4236 


VcEO(sus) 
40 
60 
80 


— 
Vdc 


Collector Cutoff Current 
(Vce = 30 Vdc, Ib = 0) 
2N4234 
(Vce = 40 Vdc, Ib = 0) 
2N4235 
(Vce = 60 Vdc, Ib = 0) 
2N4236 


"CEO 


- 
1.0 
1.0 
1.0 


mAdc 


Collector Cutoff Current 
(VCe = 40 Vdc, VBe = 1-5Vdc) 
2N4234 
(Vce = 60 Vdc,VBe = 1-5Vdc) 
2N4235 
(Vce = 80 Vdc,Vbe = 1-5Vdc) 
2N4236 
(VCe ° 30 Vdc,VBE = 1-5Vdc,Tc = 150'C) 
2N4234 
(Vce 
=• 40 vdc, vbe = i-s vdc, Tc = i50°a 
2N4235 
(Vce ° 60 Vdc, VBE = 1-5Vdc, Tc = 150°C) 
2N4236 


'CEX 


- 


0.1 
0.1 
0.1 
1.0 
1.0 
1.0 


mAdc 


Collector Cutoff Current 
(VCb = 40 Vdc, Ie = 0) 
2N4234 
(Vcb = 60 Vdc, Ie = 0) 
2N4235 
(VCb = 80 Vdc, lE = 0) 
2N4236 


<CBO 


- 


0.1 
0.1 
0.1 


mAdc 


Emitter Cutoff Current 
(Vbe = 7 Vdc, lC = 0) 
>EBO 
— 
0.5 
mAdc 


ON CHARACTERiSTICS 


DC Current Gain(1) 
(lC = 100 mAdc, Vce = 10 Vdc) 
(lC = 250 mAdc, Vce = 10 Vdc) 
dC = 500 mAdc, Vce = 1° Vdc) 
dC = 1.0 Adc, Vce = 10 Vdc) 


hcE 
40 
30 
20 
10 


150 


Collector-Emitter Saturation Voltaged) 
dC = 1.0 Adc, Ib = 125 mAdc) 
VCE(sat) 
— 
0.6 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 1.0 Adc, Ib = 100 mAdc) 
VBE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
dC = 250 mAdc, Vce = 10 Vdc) 
VBE 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
dC = 100 mAdc, Vce = 10 Vdc,f ° 1.0 MHz) 


MOTOROLA SEMICONDUCTORS 


4-174 


3.0 
MHz 


SMALL-SIGNAL DEVICES 


2N4234, 2N4235, 2N4236 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


i Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
C0bo 
— 
100 
PF 


Small-Signal Current Gain 
dC = 60 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hfe 
25 
— 
— 


(1) Pulse Test: PW < 300 us, Duty Cycle <£ 2.0%. 
'Indicates Data in addition to JEDEC Requirements. 


FIGURE 1- POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 2. 
All limits are applicable and must be observed. 
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2N4234, 2N4235, 2N4236 


LARGE SIGNAL CHARACTERISTICS 


FIGURE 3-TRANSCONDUCTANCE 
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FIGURE 5 - TRANSCONDUCTANCE 
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FIGURE 6- EFFECTS OFBASE-EMITTER RESISTANCE 
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2N4234, 2N4235, 2N4236 


DYNAMIC CHARACTERISTICS 


FIGURE 11-TURN-ON TIME 


3.0 


2.0 


hO 


0.7 


r 


£ 
0.3 


0.2 


0.07 


0.05 


\Vcc- 50V 
1 
1 1 II 
Tj-+25'C 


—- 
— 
• 
Tj-• + ISC•c 


U 
^ 
*> 
i»\ 
s 
-Vcc~ 24 V 
»V 
V 
' 
. 


N *i 


,. 


s V 5^-. ^ 
«._ 
#>.' 
\Vcc-60V.Vrt-2V 
SI 
m~. 
.,•••• 


•Li 


17^ 
.^ 
Vcc ™« ». »•»> •* 


50 
70 
100 
200 
300 
500 700 1000 


lc. COLLECTOR CURRENT ImA) 


10 
20 
30 


FIGURE 12-STORAGE TIME 
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FIGURE 13-CAPACITANCE 
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FIGURE 14-FAU TIME 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N4237 
2N4238 
2N4239 
Unh 


Collector-Emitter Voltage 
vCEO 
40 
60 
80 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
80 
100 
Vdc 


Emitter-Base Voltage 
VEBO 
6.0 
Vdc 


Base Current 
>B 
500 
Vdc 


Collector Current — Continuous 
ic 
1.0 
3.0» 
Adc 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25'C 


Pd 
1.0 
5.3 
Watt 
mW/°C 


Total Device Dissipation 
@ TC = 25'C 
Derate above 25*C 


pd 
6.0 
34 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. TStg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


'Thermal Resistance, Junction to Case 
RflJC 
29 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N4237 
2N4238 
2N4239 


CASE 079-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Sustaining Voltaged) 
dC = 100 mAdc, Ib = 0) 
2N4237 
2N4238 
2N4239 


VCEO(sus) 
40 
60 
80 


- 


Vdc 


Collector Cutoff Current 
(Vce = 50 Vdc, Veb = 1-6Vdc) 
2N4237 
(Vce = 80 Vdc, Veb = 1-5Vdc) 
2N4238 


(Vce = 100 vdc, veb = 1-5 vdc) 
2N4239 
(Vce = 30 Vdc, Veb = 1-5 Vdc, Tc = 150°C) 
2N4237 


(VCe = 50 Vdc, VEb = 1-5 Vdc, Tc = 150'C) 
2N4238 
(Vce = 70 Vdc, Veb = 1-5 Vdc, Tc = 150'C) 
2N4239 


'CEX 


- 


0.1 
0.1 


0.1 
1.0 


1.0 
1.0 


mAdc 


Collector Cutoff Current 
(Vcb ° Rated Vcbo. 'E = 0) 
(Vce = Rated Vceo- 'b = o) 


•CBO 


- 
0.1 
.07 


mAdc 


Emitter Cutoff Current 
(VEB = 6.0 Vdc, lC = 0) 
lEBO 
— 
0.5 
mAdc 


ON CHARACTERISTICS 


DC Current GainO) 
(lC = 50 mAdc, Vce = 10 Vdc) 
dC = 250 mAdc, Vce = 10 Vdc) 
dC = 500 mAdc, VCe = 1.0 Vdc) 
dC = 1.0 Adc. Vce = 10 Vdc) 


hFE 
30 
30 
30 
15 


150 


Collector-Emitter Saturation Voltaged) 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc. IB = 0.1 Adc) 


VCE(sat) 


- 
0.3 
0.6 


Vdc 


Base-Emitter Saturation Voltaged) 
dC = 1.0 Adc, Ib = 0.1 Adc) 
VBE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltaged) 
dc = 250 mAdc, Vce = 10 Vdc) 
vBE(on) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB = 10 Vdc, lc = 0, f = 0.1 MHz) 
C0bo 
- 
100 
PF 


Small Signal Current Gain 
dC = 100 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
30 
• — 
— 


Current Gain — High Frequency 
(Vce = 10 V, IC = 100 mA f = 1 MHz) 
Ihfel 
1.0 
— 
— 


(1) Pulse Test: Pulse Width <s300 fts, Duty Cycle 2.0%. 
'Indicates Data in addition to JEDEC Requirements. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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FIGURE 1 -POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 


SWITCHING CHARACTERISTICS 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
FIGURE 3-TURN-ON TIME 
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SMALL-SIGNAL DEVICES 


4-182 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
IS 
Vdc 


Collector-Base Voltage 
vcbo 
15 
Vdc 


Emitter-Base Voltage 
vebo 
4.5 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


Total Device Dissipation @ Tj\ = 25°C 
Derate above 25°C 
pd 
200 
1.14 
mW 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 


2N4260 
2N4261 


2N4261 JAN, JTX AVAILABLE 
CASE 20, STYLE 10 
TO-72 


SWITCHING TRANSISTOR 


PNP SIUCON 


Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc, Ie = 0) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Base Breakdown Vottage 
(lC = 10 ixAdc, Ie = 0) 
V(BR)CBO 
15 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 ftAdc. lc = 0) 
V(BR)EBO 
4.5 
— 
Vdc 


Collector Cutoff Current 
(VCE = 10Vdc,VBE(off) = 2.0Vdc) 
(VCe = 10Vdc,VBE(off) = 2.0Vdc, TA = 150°C) 
(Vce = 10Vdc, VEB(on) = 0.4 Vdc) 


'cex 


- 


0.005 
5.0 
0.05 


ftAdc 


Base Cutoff Current 
(VCe " 10 Vdc. VsE(off) = 2.0 Vdc) 
•bl 
— 
0.005 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc. Vce = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 
(lC = 30 mAdc, Vce = 2.0 Vdc) 


hFE 
25 
30 
20 
150 


Collector-Emitter Saturation Voltage 
dC = 1.0 mAdc, Ig = 0.1 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 


VCE(sat) 


- 
0.15 
0.35 


Vdc 


Base-Emitter On Voltage 
dC = 1.0 mAdc, Vce = 1° Vdc) 
(lC = 10 mAdc, VCe = 10 Vdc) 


VBE(on) 


- 
0.8 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vce = 4.0 Vdc, f = 100 MHz) 
2N4260 
2N4261 


dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
2N4260 
2N4261 


fT 
1200 
1500 


1600 
2000 


- 


MHz 


Output Capacitance 
(Vcb = 4.0 Vdc, l£ = 0, f = 100 kHz) 
cobo 
— 
2.5 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
2.5 
PF 


Current Gain — High Frequency 
2N4260 
dC = 10 mAdc, VCe = 10 Vdc, f = 100 MHz) 
2N4261 
Ihfel 
16 
20 


— 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Collector Base Time Constant 
dC = 5.0 mAdc. Vce = 4.0 Vdc, f = 31.8 MHz) 
2N4260 
2N4261 


dC = 10 mAdc, Vce = 10 Vdc, f = 31.8 MHz) 
2N4260 
2N4261 


rb'Cc 


- 
35 
60 


30 
50 


ps 


Typical Performance 
(vout = 1.0 V) 


SWITCHING CHARACTERISTICS 
@10mA 
@30mA 


Rise Time 
«r 
0.5 
0.9 
ns 


Fall Time 
tf 
1.0 
1.2 
ns 


Turn-On Time 
ton(delav) 
1.0 
1.2 
ns 


Turn-Off Delay Time 
toff(delav) 
1.0 
1.2 
ns 
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FIGURE 3 — "ON" VOLTAGES 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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2N4404 
2N4405 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VceO 
80 
Vdc 


Collector-Base Voltage 
vcbo 
80 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.25 
7.15 
Watts 
mWVC 


Total Device Dissipation @ Tc = 25X 
Derate above 25°C 
pd 
8.75 
50 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
25 
°c/w 


Thermal Resistance, Junction to Ambient 
RflJA 
140 
°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25"c unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 10 /iAdc, Ig - 0) 
V(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 6° Vdc, Ie - 0) 
'CBO 
— 
25 
nAdc 


Emitter Cutoff Current 
(Vbe = 3-0 Vdc, lc = 0) 
'EBO 
— 
25 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 0.1 mAdc, VCe = 5.0 Vdc) 
2N4404 
2N4405 


(lC = 10 mAdc, Vce = 50 Vdc) 
2N4404 
2N4405 


(lC = 150 mAdc, VCe = 5.0 VdcHU 
2N4404 
2N4405 


(lC = 500 mAdc, Vce = 5.0 Vdc)(1) 
2N4404 
2N4405 


hFE 
30 
75 


40 
100 


40 
100 


30 
50 


120 
300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = ISOmAdc, Ib = 15 mAdcKD 
dC = 500 mAdc, Ib = 50 mAdcKD 


vCE(sat) 


- 
0.15 
0.2 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 500 mAdc, Ib = 50 mAdcKD 


vBE(sat) 


0.85 
0.8 
1.2 


Vdc 


Base-Emitter On Voltage 
dC = 150 mAdc, Vce = 1° Vdc' 
vBE(on) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
«T 
200 
600 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
10 
pF 


Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Ceb 
— 
75 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unit 


SWITCHING CHARACTERiSTICS 


Delay Time 
(VCc = 30 Vdc,VBE(off) = 2.0 Vdc, 
lC = 500 mAdc, Ibi = 50 mAdc) 
td 


— 
15 
ns 


Rise Time 
tr 
25 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 500 mAdc, 
IBI - lB2 = 50 mAdc) 
ts 


— 
175 
ns 


Fall Time 
tf 
— 
35 
ns 


(1) Pulse Test: Pulse Width < 300 fts, Duty Cycle =s 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1-TURN-ON 
FIGURE 2 - TURN-OFF 
-30 V 
-30 Vo 
48.8 Vf 
\ 
2<t, <500«tt 
t2<5.0ns 
I3>1.0;jS 
Hc|59" 


OUTY CYCLE - 2.0% 


♦2.0 V 


0 — 


PULSE WIDTH *200 ns 
RISE TIME < 2.0 ns 
OUTY CYCLE*2.0% 


Toobtain data lorcurves, vottage levels are approximately asshown, Rg and Rqarevaried. 


TRANSIENT CHARACTERISTICS 
25*C 
100*C 


FIGURE 4 - 
CHARGE DATA 
FIGURE 3 - 
CAPACITANCES 
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FIGURE 5-DELAY TIME 
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FIGURE 6-RISE TIME 
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2N4404, 2N4405 


FIGURE 7 - 
STORAGE TIME 
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FIGURE 8-FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 
VCE = 10Vdc,TA=25*C 


FIGURE 9 - FREQUENCY EFFECTS 
FIGURE 10 - SOURCE RESISTANCE EFFECTS 
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This groupof graphsillustratesthe relationship of the "h" parameters for thisseriesof transistors. To obtain these 
curves 4 units were selected and identified by number - the same units were used to develop curves on each graph. 
FIGURE 11 - CURRENT GAIN 
FIGURE 12 - INPUT IMPEDANCE 
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FIGURE 13 - VOLTAGE FEEDBACK RATIO 
FIGURE 14-OUTPUT ADMITTANCE 
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FIGURE 15 - 
DC CURRENT GAIN 
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FIGURE 16 - COLLECTOR SATURATION REGION 
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FIGURE 17 - "ON" VOLTAGES 
FIGURE 18 - 
TEMPERATURE COEFFICIENTS 
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RATINGS AND THERMAL DATA 


FIGURE 19 - 
SAFE OPERATING AREA 


The safe operating area curves indicate 'cvCE 


limits of the transistor that must be observed lor re 
liableoperation. Colltctor load lines for specificcir 
cuits must fall below the limits indicated by tha ap 
plicable curve. 
The data of Figure 19is based upon Tj(_kj * 
200'C; T(- is variable depending upon conditions. 


Pulse curves are valid for duty cycles to 10% pro 
vided Ti(pk) < 200"C. Ti((>k) may be calculated 
from the data in Figure20 
At high case tempera 
tures, thermal limitations will reduce tha power that 
can bt handled to values less than the limitations im 
posed by second breakdown. 


3.0 


2.0 


— 


E 
10 
'% 


g 0.5 


I 
0.3 


- 
I 
0.2 
Tj • 200 C 
SECONDARY BREAKDOWN LIMITED 
. 
BONDING WIRE LIMITED 
: 
THERMALLY LIMITE0 
Tc • 25'C (SINGLE PULSE) 


CURVES APPLY BELOW 


a 
ciO.07 


0.05 


003 
R MEI)V :e(j 


2.0 
3.0 
5.0 
7.0 
10 
20 
30 
50 
70 
100 
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


4-190 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Eminer Voltage 
VcEO 
80 
Vdc 


Collector-Base Voltage 
Vcbo 
80 
Vdc 


Emitter-Base Voltage 
VebO 
S.O 
Vdc 


'Collector Current — Continuous* 
ic 
2.0 
Amps 


Total Device Dissipation @ Ta, = 25°C* 
Derate above 25°C 
pd 
1.25 
7.15 
Watts 
mVWC 


Total Device Dissipation @ Tc = 25°C* 
Derate above 25°C 
pd 
8.75 
50 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
20 
'CAN 


Thermal Resistance, Junction to Ambient 
R&JA 
140 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


2N4406 
2N4407 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage! 1) dc - 10 mAdc, Ig = 0) 
V(BR)CEO 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 (iAdc, Ig = 0) 
V(BR)CBO 
80 
— 
Vdc 
Emitter-Base Breakdown Voltage 
(tf. = 10 \iAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 Vdc, Ig = 0) 
'CBO 


— 
25 
uAdc 


Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lc = 0) 
•ebo 
— 
25 
liAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
(lC = 10 mAdc, Vce = 5.0 Vdc) 
2N4406 
2N4407 


(»C = 150 mAdc, Vce = 5.0 Vdc) 
2N4406 
2N4407 


(lC = 500 mAdc, Vce = 5.0 Vdc) 
2N4406 
2N4407 


(lC = 1.0 Adc, Vce = 50 Vdc) 
2N4406 
2N4407 


(lC = 1.5 Adc, Vce = 5.0 Vdc) 
2N4406,2N4407 


hFE 
30 
80 


30 
80 


30 
80 


20 
30 


10 


120 
240 


Collector-Emitter Saturation Voltage 
dC ° 150 mAdc, Ig = 15 mAdc) 
dC = 500 mAdc, Ig = 50 mAdc) 
dC ° 1.0 Adc, Ig = 100 mAdc) 
(lC = 1.5 Adc, Ig = 150 mAdc) 


VCE(sat) 


- 
0.2 
0.4 
0.7 
1.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ig = 15 mAdc) 
Oc = 1-0 Adc, Ig = 100 mAdc) 
dC = 1.5 Adc, Ig = 150 mAdc) 


VBE(sat) 


0.9 
0.9 
1.3 
1.5 


Vdc 


Base-Emitter On Voltage 
dC = 500 mAdc, VCe = 10 Vdc) 
VBE(on) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
150 
750 
MHz 


Collector-Base Capacitance 
(Vcg = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
15 
PF 


Emitter-Base Capacitance 
(VgE = 0.5 Vdc, lC = 0, f = 1.0 MHz) 
Ceb 
— 
160 
pF 


SMALL-SIGNAL DEVICES 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 
SWITCHING CHARACTERISTICS 


Delay Time 
(VCc = 30 Vdc, VgE(off) = 2.0 Vdc, 
lC = 1.0 Adc. IB1 = 100 mAdc) 
td 


— 
15 
ns 


Rise Time 
tr 
— 
60 
ns 


Storage Time 
(Vcc = 30 Vdc, lC = 1.0 Adc, 
IBI = 'B2 = 1Q0mAdc) 
ts 


— 
175 
ns 


Fall Time 
tf 
- 
50 
ns 


(1) Pulse Test: Pulse Width « 300 fts. Duty Cycle =s2.0%. 
'Indicates Data in addition to JEDEC Requirements. 
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RGURE 5 — SAFE OPERATING AREA 
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RGURE 2 - • COLLECTOR SATURATION REGION 


ut ,0 
Tj • 25°C 


1 
1 III 
1000 mA 


> 
IC = 10 mA 
100 mA 
500 mA 
L 


< 
•C 
\ 


o 
\ 
V. 
rx 
U-D 
UJ 
\ 


s... 


£ 
L. 
_ 
^ I 


o 
\ 
I 
\ V 
CJ 
\ 
\ 


a 
s 
^ 
\ 
:=---. 


> 
0 _ 


).2 
0.5 
1.0 
2.0 
5.0 
10 
20 


IB. BASECURRENT(mA) 


FIGURE 4 — TEMPERATURE COEFFICIENTS 
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The safe operating area curves indicate Ic-Vce limitsof the 
transistor that must be observed for reliable operation. Collector 
load lines for specific circuits must fall below the limits indicated 
by the applicable curve. 
The data of Figure 5 is based upon Tjipk) = 200°C; Tc is 
variable depending upon conditions. Pulse curves are valid for 
duty cycles to10% provided Tjipk) * 200°C. At high case tem 
peratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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TRANSIENT CHARACTERISTICS 
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FIGURE 7 - CAPACITANCES 
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FIGURE 9 • TURN-ON TIME 


.. 
lc/ 


- 
B- 
0 


t,9VfCC*30 V 


trje »Bfc 
i 


(01tr 


50 
100 
200 
IC,COLLECTOR CURRENT (mA) 


100 


50 


20 


_ 
10 
u 
c 
u7 5.0 
a 
oc 
$ 
2.0 
o 
°" 1.0 


0.5 


FIGURE 8 - CHARGE DATA 
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FIGURE 10 -TURN-OFF TIME 
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SMALL-SIGNAL DEVICES 


2N4453 
For Specifications, See 2N869A Data. 


MAXIMUM RATINGS 
1 
Rating 
Symbol 
Value 
Unit 
\ Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-Base Voltage 
vcbo 
60 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
1.0 
Adc 
Total Device Dissipation @ Ta, = 25°C 
Derate above 25 C 
pd 
1.0 
5.7 
Watt 
mW/°C 
Total Device Dissipation @ Tc = 25"C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
TJ> Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta ° 2S°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) dc " 100MAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage dc = 10 mAdc, RgE ° 10ohms) 
Collector-Base Breakdown Voltage dc = 100ftAdc, Ie = 0) 
Emitter-Base Breakdown Voltage (Ie ° 100<xAdc, lc = 0) 
Collector Cutoff Current (Vce = 6° Vdc, vBE(off) " I-5v<fc) 
BaseCutoffCurrent (Vce = 60 Vdc,VgE(off) ° 1.5Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
«C = 150 mAdc, VCe = 2.5 Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 
'dc " 500 mA, VCE = 5 Vdc(1) 
Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, Ig = 15 mAdc) 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ig = 15 mAdc) 


Base-Emitter On Voltage 
dC = 150 mAdc, Vce " 2.5 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc,f = 20 MHz) 
Output Capacitance 
(VCB " 10 Vdc, Ie = 0, f *> 140 kHz) 


Input Capacitance 
(VgE = 0.5 Vdc, lc ° 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time 


Rise Time 


Storage Time 


Fall Time 


(VCc = 30Vdc, VgE(off) = 0.8Vdc, 
lC = 150 mAdc, Igi = 15 mAdc) 


(Vcc = 30 Vdc. lc = 150 mAdc, 
'B1 = >B2 = 15 mAdc) 


(1)PulseTest: PulseWidth = 300 fts, DutyCycle« 2.0%. 
"Indicates Data in Addition to JEDECRequirements. 
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Symbol 


V(BR)CEO 


V(BR)CER 


V(BR)CBO 


V(BR)EBO 


'CEX 


•bl 


"FE 


VCE(sat) 


vBE(sat) 


vBE(on) 


C0bo 


Cibo 


2N4890 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


Refer to 2N4033 for graphs. 


MIn 
Typ 
Max 


40 


50 


60 


5.0 


Unit 


Vdc 


Vdc 


Vdc 


Vdc 


0.25 
ftAdc 


25 
50 
15 


100 


20 


130 
140 


0.12 


0.82 


0.74 


280 


9.0 


60 


15 


20 


110 


20 


0.25 
ftAdc 


250 


1.4 
Vdc 


1.7 
Vdc 


1.7 
Vdc 


MHz 


15 
PF 


80 
PF 


50 


50 


200 


70 


MOTOROLA SEMICONDUCTORS 


2N4924 
2N4925 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4924 
2N492S 
Unit 


Collector-Emitter Voltage 
VcEO 
100 
150 
Vdc 


Collector-Base Voltage 
VCBO 
100 
150 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
lc 
200 
mAdc 


Total Device Dissipation @T^ = 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25X 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RftJA 
175 
'CAN 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25"C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(lc = 10 itAdc,l£ = 0) 


Emitter-Base Breakdown Voltage 
dE = 10ftAdc. lc " 0) 


Collector Cutoff Current 
(Vcb = so vdc, Ie = o) 
(Vcb = 75 vdc, ie = o) 


Emitter Cutoff Current 
(VgE = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc,Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 150mAdc,Vce " 1° Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc,Ig = 1.0 mAdc) 
(lC° 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter On Vottage 
(lC = 50 mAdc, Vce ° 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 
dC = 20 mAdc.VcE = 20Vdc.f = 100 MHz) 


Collector-Base Capacitance 
(VCB ° 20Vdc, Ie = 0.f = 140kHz) 


Emitter-Base Capacitance 
(Veb ° io vdc. ic = P.f ° 14° kH*> 
(1) Pulse Test: Pulse Width * 300 fts. Duty Cycle =s 2.0%. 
(2)fr= Ihfel• ftest- 
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2N4925 
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V(gR)CEO 


V(BR)CBO 


V(BR)EBO 


'CBO 


>EBO 


hFE 


VCE(sat) 


VBE(on) 


Ccb 


Ceb 


100 
150 


100 
150 


5.0 


25 
35 
40 


100 


0.1 
0.1 


0.1 


200 


0.25 
0.4 


0.95 


500 


10 


80 


Vdc 


Vdc 


Vdc 


ftAdc 


ftAdc 


Vdc 


Vdc 


MHz 


PF 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4926 
2N4927 
Unit 


Collector-Emitter Voltage 
vCEO 
200 
250 
Vdc 


Collector-Base Voltage 
VCBO 
200 
250 
Vdc 


Emitter-Base Voltage 
VEBO 
7.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25*C 
pd 
5.0 
28.6 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
°c 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
R«UA 
175 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


2N4926 
2N4927 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage (1) 
dC = 10 mAdc, Ig ° 0) 
2N4926 
2N4927 


V(BR)CEO 
200 
250 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, lc = 0) 
2N4926 
2N4927 


V(BR)CBO 
200 
250 


- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 mAdc, lc = 0) 
v(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcg = 100 Vdc, l£ = 0) 
2N4926 
(Vcb = 100 Vdc, Ie = 0, Ta = 100°C) 
(Vcg = 150 Vdc, l£ = 0) 
2N4927 
(VCg = 150 Vdc, l£ = 0, TA = 100°C) 


'CBO 


- 


0.1 
10 
0.1 
10 


uAdc 


Emitter Cutoff Current 
(VgE = 5.0 Vdc) 
'EBO 
— 
0.1 
ftAdc 


ON CHARACTERISTICS (1) 


DCCurrent Gain 
dc - 3.0 mAdc, Vce = 1° Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 
dC = 50 mAdc, Vce = 20 Vdc) 


"FE 
10 
15 
20 
20 
200 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ig = 1.0 mAdc) 
dC = 30 mAdc, Ig = 3.0 mAdc) 
vCE(sat) 
1.0 
2.0 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ig = 1.0 mAdc) 
(lC = 50 mAdc, Ig = 3.0 mAdc) 
VBE(sat) 
— 
1.2 
1.5 
Vdc 


Base-Emitter On Voltage 
dc = 30 mAdc, Vce = 10 Vdc) 
VBE(on) 
— 
1.5 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dc = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 
•T 
30 
300 
MHz 
Collector-BaseCapacitance 
(Vcb = 20 Vdc, Ig = 0. f = 140 kHz) 
Ccb 


— 
6.0 
PF 
Input Impedance 
dc = 10 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
hie 
75 
2000 
ohm 
Voltage Feedback Ratio 
dc = 10 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
hre 
0.1 
2.0 
X10-4 
Small-Signal Current Gain 
dc = 10 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 
hfe 
25 
250 
— 
Output Admittance 
dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
— 
50 
/xmhos 
Real Partof Input Impedance 
dc = 10 mAdc, Vce = 20 Vdc, f = 5.0 MHz) 
Re(hj„) 
4.0 
200 
ohms 
(1) Pulse Test: Pulse Width * 300 its. Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


4-197 


2N4928 
thru 
2N4931 


2N4930 and 2N4931 JAN, JTX & 
JTXV AVAILABLE 
CASE 79, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N4928 
2N4929 
2N4930 
2N4831 "38^ 
Collector-Emitter Voltage 
VCEO 
100 
150 
200 
250 
Yfc 
Collector-Base Voltage 
Vcbo 
100 
160 
200 
250 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
4.0 
4.0 
4.0 
Vdc 


Collector Current — 
Continuous 
ic 
100 
500 
500 
500 
mAdc 


Total Device Dissipation 
@ TA = 25<,C 
Derate above 26°C 


pd 
0.6 
3.4 
1.0 
5.71 
1.0 
5.71 
1.0 
5.71 
Watt 
mW/X 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25*C 


pd 
3.0 
17.2 
5.0 
28.6 
5.0 
28.6 
5.0 
28.6 
Witt 
mW/K 


Operating and Storage 
Junction Temperature 
Range 


Tj. Tstg 
-65 to+200 
•c 


Refer to 2N3494 for graphs for 2N4928.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
V(8R)CEO 
Vdc 
(lC = 10 mAdc, Ig = 0) 
2N4928 
100 
— 
2N4929 
150 
— 
2N4930 
200 
— 


2N4931 
250 
— 


Collector-Base Breakdown Voltage 
V(BR)CBO 
Vdc 
dE = 0, lc = 100 /iAdc) 
2N4928 
100 
— 
2N4929 
150 
— 
2N4930 
200 
— 


2N4931 
250 
— 


Emitter-Base Breakdown Voltage 
v(BR)EBO 
4.0 
— 
Vdc 
(IE = 100 /iAdc, lc = 0) 


Collector Cutoff Current 
'CBO 
uAdc 
(VcB = 50 Vdc, Ie = 0) 
2N4928 
— 
0.5 
(Vcb = 75 Vdc, Ie = 0) 
2N4929 
— 
0.5 
(Vcg = 150 Vdc, Ie = 0) 
2N4930, 2N4931 
— 
1.0 
. 


Emitter Cutoff Current 
'EBO 
ftAdc 
(Vg£ = 3.0 Vdc, lc = 0) 
2N4928, 2N4929 
— 
0.5 
(Vg£ = 3.0 Vdc, lc = 0) 
2N4930, 2N4931 
— 
1.0 


ON CHARACTERiSTICS 


DC Current Gain 
(lC = 1.0mAdc, Vce = 10Vdc) 
All Types 


(IC = 10 mAdc,Vce = 10 VdcKD 
2N4928, 2N4929 
2N4930, 2N4931 


(lC = 60 mAdc, Vce = 10Vdcld) 
2N4928. 2N4929 
dC = 30 mAdc, Vce = 10Vdc)(1) 
2N4930, 2N4931 


hFE 
20 


25 
20 


20 
20 


200 
200 


Collector-Emitter Saturation Voltaged) 
dC = 10 mAdc,Ig = 1.0mAdc) 
2N4928, 2N4929 
2N4930, 2N4931 


VCE(sat) 


- 
0.5 
5.0 


Vdc 


Base-Emitter On Voltage 
«C = 10 mAdc, Vce = 10 Vdc) 
VBE(on) 
— 
1.0 
Vdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N4928 thru 2N4931 


ELECTRICAL CHARACTERiSTICS (continued) (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
MIn 
| 
Max 
| 
Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
2N4928, 2N4929 
dC = 20 mAdc, VCe = 20 Vdc, f = 20 MHz) 
2N4930, 2N4931 


«T 
100 
20 
1,000 
200 


MHz 


Collector-Base Capacitance 
(Vcb = 20 Vdc, Ie = 0, f = 140 kHz) 
2N4928 
(Vcb = 20 Vdc, lE = 0, f = 140 kHz) 
2N4929 
(Vcb = 20 Vdc, lE = 0, f = 140 kHz) 
2N4930, 2N4931 


Ccb 


- 
6.0 
10 
20 


pF 


Emitter-Base Capacitance 
(Vg£ = 2.0 Vdc, lc = 0, f = 140 kHz) 
2N4928 
(VgE = 1.0 Vdc, |c = 0, f = 140 kHz) 
2N4929 
(Vbe = 0.5 Vdc, IC = 0. f = 140 kHz) 
2N4930, 2N4931 


Ceb 


- 
40 
80 
400 


PF 


(1) Pulse Test: Pulse Width « 300 us. Duty Cycle * 2.0%. 
Refer to 2N3634 for graphs for 2N4929. 
Refer to 2N3743 for graphs for 2N4930 and 2N4931. 


SMALL-SIGNAL DEVICES 
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2N5022 
2N5023 


CASE 079-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


Refer to 2N3467 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5022 
2N5023 
UnH 


Collector-Emitter Voltage 
VCEO 
50 
30 
V 


Collector-Emitter Voltage 
VCES 
50 
30 
V 


Collector-Base Voltage 
vCBO 
50 
30 
V 


Emitter-Base Voltage 
vebo 
5 
V 


Collector Current — Continuous 
(Pulse Width = 300 us, DC = 1%) 
ic 
1.0* 
A 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
5.72 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
4.0 
22.8 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
°C 


Maximum Lead Temperature 
(Soldering, 60 sec max) 
TL 
+ 300 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rojc 
43.8 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
'CAN 


"Indicates Data in Addition to JEDEC Requirements. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 uAdc) 
2N5022 
2N5023 


V(BR)CES 
50 
30 


- 


V 


Collector-Emitter Sustaining Voltage 
dC = 10 mAdc) 
2N5022 
2N5023 


V(BR)CEO(sus)» 
50 
30 


- 


V 


Collector-Base Breakdown Voltage 
dC = 100 uAdc) 
2N5022 
2N5023 


V(BR)CBO 
50 
30 


- 


V 


Emitter-Base Breakdown Voltage 
(IE = 100 /iAdc) 
All 
V(BR)EBO 
5.0 
— 
V 


Collector Cutoff Current 
(Vce = 30 Vdc) 
2N5022 
(VCE = 20 Vdc) 
2N5023 
(Ta = 100°Cdc) 


'CES 


- 
100 
15 
nA 
uA 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 100 mA. Vce = 1.0 Vdc) 
2N5022 
2N5023 


hFE 
15 
30 


_ 


dC = 500 mA, Vce = 10 Vdc) 
2N5022 
2N5023 
25 
40 
100 
100 


dC = 1.0 A, Vce = 5.0 Vdc) 
2N5022 
2N5023 
25 
40 
— 


(lC = 500 ma, Vce = 1-0 V,Ta = -55°C) 
2N5022 
2N5023 
10 
20 
z 


Collector-Emitter Saturation Voltaged) 
dC = 100 mAdc, Ig = 10 mAdc) 
2N5022 
2N5023 


VCE(sat) 


- 
0.20 
0.17 
V 


(>C = 5Q0mAdc, Ig = 50 mAdc) 
2N5022 
2N5023 


— 
0.40 
0.35 
V 


(lC = 1.0 Adc, Ig = 100 mAdc) 
2N5022 
2N5023 
0.80 
0.70 
V 


MOTOROLA SEMICONDUCTORS 
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2N5022, 2N5023 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.] 


Characteristic 
Symbol 
Min 
Max 
Unit 


Base-Emitter Saturation Voltage 
dc = 100 mAdc, Ig = 10 mAdc) 
dC = 500 mAdc, Ig = 50 mAdc) 
dC = 1.0 Adc, Ig = 100 mAdc) 


VgE(sat) 


0.8 
1.0 
1.4 
1.75 


V 


V 


V 


SMALL-SIGNAL CHARACTERiSTICS 


Collector-Base Capacitance 
(VgE = 0.5 V, f = 100 kHz) 
Ccb 
- 
25 
pF 


Emitter-Base Capacitance 
(VgE = 0.5 V, f = 100 kHz) 
Ceb 
— 
100 
pF 


Small-Signal Current Gain 
dC = 50 mA, Vce = 10 V, f = 100 MHz) 
2N5022 
2N5023 


hfe 
1.7 
2.0 


- 


— 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vce = -30 V, lc - 500 mA, Ig » 50 mA) 
♦on 
- 
40 
ns 


Turn-Off Time 
(Vce = 30V, lc - 500 mA, Ig! = lg2 - 50 mA) 
toff 
— 
90 
ns 


(1)Pulse Width = 300 us, Duty Cycle = 1.0%. 


SMALL-SIGNAL DEVICES 
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2N5058 
2N5059 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5058 
2N5059 
Unit 


Collector-Emitter Voltage 
VcEO 
300 
250 
Vdc 


Collector-Base Voltage 
Vcbo 
300 
250 
Vdc 


Emitter-Base Voltage 
vebo 
7.0 
6.0 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
6.67 
Watt 
mW/X 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
33.3 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
30 
-CAV 


Thermal Resistance, Junction to Ambient 
RflJA (D 
150 
XAV 


Refer to 2N3724 for graphs. 


ELECTRICALCHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 
dC = 30 mAdc, Ig = 0) 
2N5058 
2N5059 


V(gR)CEO 
300 
250 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100uAdc,Ie = 0) 
2N5058 
2N5059 


V(BR)CBO 
300 
250 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100ftAdc, lc = 0) 
2N5058 
2N5059 


V(BR)EBO 
7.0 
6.0 


- 
' 


Vdc 


Collector Cutoff Current 
(Vcb = 100 Vdc, l£ = 0) 
(Vcb = 100 vdc, Ie = o.Ta = +125X» 
'CBO 
— 
0.05 
20 
uAdc 


Emitter Cutoff Current 
(Vg£ = 5.0 Vdc, lc = 0) 
<EBO 
- 
10 
nAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 
dC = 5.0 mAdc, Vce = 25 Vdc) 


dC = 30 mAdc, Vce = 25 Vdc) 


dC = 30 mAdc, VCe = 25 Vdc, TA 


dC = 100 mAdc, Vce = 25 Vdc) 


-55X) 


2N5058 
2N5059 


2N5058 
2N5059 


2N5058 


2N5058 
2N5059 


Collector-EmitterSaturation Voltage 
dc = 30 mAdc, Ig = 3.0 mAdc) 
Base-EmitterSaturation Voltage dc = 30 mAdc,Ig = 3.0 mAdc) 
gase-Emitter OnVoltage 
dc ° 30 mAdc, Vce = 25Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain— Bandwidth Product (3) dc ° 10 mAdc,Vce = 25 Vdc,f = 20 MHz) 


Collector-Base Capacitance (Vcb ° 1° Vdc,Ie ° 0. f ° 1-0MHz) 
Emitter-Base Capacitance (VgE ° 0.5Vdc,Iq ° 0. f " 1-0MHz) 
(1) R8ja is measured withthe device soldered intoa typical printed circuit board. 
(2) Pulse Test: Pulse Width * 300 us, Duty Cycle « 2.0%. 
(3)fr is definedas the frequencyat which the |hfe| extrapolatesto unity. 
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hFE 


VCE(sat) 


VBE(sat) 


VBE(on) 


Ccb 


Ceb 


10 
— 


10 
— 


35 
150 
30 
150 


10 
- 


35 
30 
— 


0.85 


0.82 


30 


10 


75 


Vdc 


Vdc 


Vdc 


MHz 


PF 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5229 
2N5230 
2N5231 
Unit 


Emitter-Collector Voltage 
vECO 
10 
20 
30 
Vdc 


Collector-Base Voltage 
VCBO 
15 
30 
50 
Vdc 


Emitter-Base Voltage 
VEBO 
15 
30 
50 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation 
@ Ta = 25X 
Derate above 25X 


pd 
0.5 
2.86 
Watt 
mW/X 


Total Device Dissipation 
@ TC = 25X 
Derate above 25X 


pd 
2.0 
12 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-65 to +200 
X 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N5229 
2N5230 
2N5231 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


LOW POWER CHOPPER 
TRANSISTOR 


PNP SIUCON 


Symbol 
Min 
Max 
Unit 


Emitter-Collector Breakdown Voltage 
dE = 10 uAdc, Ig = 0) 
2N5229 
2N5230 
2N5231 


V(gR)ECO 
10 
20 
30 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 uAdc, l£ = 0) 
2N5229 
2N5230 
2N5231 


V(BR)CBO 
15 
30 
50 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(l£ = 10 uAdc, lc = 0) 
2N5229 
2N5230 
2N5231 


V(BR)EBO 
15 
30 
50 


- 
Vdc 


Collector Cutoff Current 
(Vcg = 12 Vdc, Ie = 0) 
2N5229 
(Vcg = 25 Vdc, Ie = 0) 
2N5230 
(Vcg = 40 Vdc, Ie = 0) 
2N5231 


ICBO 


- 
1.0 
1.0 
1.0 


nAdc 


Emitter Cutoff Current 
(VEg = 12 Vdc, lc = 0) 
2N5229 
(V£g = 25 Vdc, lc = 0) 
2N5230 
(V£g = 40 Vdc,lc = 0) 
2N5231 


<EBO 


- 
. 
1.0 
1.0 
1.0 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 100 uAdc, Vce = 10 Vdc) 
dC = 200 uAdc, Vce •=0-5 Vdc) (Inverted Connection) 


Offset Voltage 
(Ig = 100 uAdc, Ie = 0) 


(Ig = 1.0 mAdc, Ie = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vcg = 10 Vdc, 1E = 0, f = 140 kHz) 


Emitter-Base Capacitance 
(VEg = 10 Vdc, lc = 0, f = 140 kHz) 


Small Signal Current Gain 
dC = 1.0 mAdc, Vce ° 5.0 Vdc, f = 4.0 MHz) 


SMALL-SIGNAL DEVICES 


2N5229, 2N5230, 
2N5231 


2N5229, 
2N5230, 2NS231 
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hFE 


vEC(ofs) 


Ccb 


Ceb 


50 
15 


2.0 


0.5 
0.8 


0.8 
1.0 


5.0 


4.0 


mVdc 


PF 


PF 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25=C unless otherwise noted. 


Characteristic 
Symbol 
Min 
Max 
Unit 


"ON" Series Resistance 
(Ig = 1.0 mAdc,l£ = 0, le = 100 uA RMS, f - 1.0 kHz) 
2N5229 
2N5230 
2N5231 


rec(on) 
1.0 
2.0 


2.0 


6.0 
8.0 
10 


Ohms 


TYPICAL CHARACTERISTICS 


FIGURE 1 - 
EMITTER-COLLECTOR VOLTAGE 
versus BASE CURRENT 
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FIGURE 3 - 
EMITTER-COLLECTOR "ON" RESISTANCE 
versus BASE CURRENT 
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FIGURE 5 - CURRENT GAIN versus 
COLLECTOR CURRENT 
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FIGURE 2 - 
EMITTER-COLLECTOR VOLTAGE 
versus JUNCTION TEMPERATURE 
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FIGURE 4 - 
EMITTER-COLLECTOR "ON" RESISTANCE 
TEMPERATURE COEFFICIENT versus BASE CURRENT 
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FIGURE 6 - CURRENT GAIN (Inverted Connection) 
versus EMITTER CURRENT 
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FIGURE 7 - COLLECTOR CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 
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FIGURE 9 - COLLECTOR-EMITTER SATURATION 
VOLTAGE versus COLLECTOR CURRENT 
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FIGURE 8 - 
EMITTER CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 
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REVERSE BIAS (VOLTS) 


MOTOROLA SEMICONDUCTORS 


2N5320 
2N5321 


CASE 79, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5320 
2N5321 
Unit 


Collector-Emitter Voltage 
Vceo 
75 
50 
Vdc 


Collector-Base Voltage 
vcbo 
100 
75 
Vdc 


Emitter-Base Voltage 
Vebo 
7.0 
j 
5.0 
Vdc 


Base Current 
ib 
1.0 
Adc 


Collector Current — Continuous 
ic 
2.0 
Adc 


Total Device Dissipation @ Tc = 25X 
Derate above 25X 
pd 
10 
0.057 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
17.5 
XAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 100 mAdc, Ig = 0) 
2N5320 
2N5321 


V(BR)CEO 
75 
50 


- 


Vdc 


Collector Cutoff Current 
(Vce = 10° v<te'VgE = 1.5 Vdc) 
2N5320 
(Vce ° 70 Vdc,Vgg = 1.5 Vdc,Tc = 150X) 
(Vce = 75 Vdc.Vg£ = 1.5 Vdc) 
2N5321 
(Vce ° 45 Vdc, Vg£ = 1.5 Vdc,Tc = 150X) 


'CEX 


- 


0.1 
5.0 
0.1 
5.0 


mAdc 


Emitter Cutoff Current 
(Vg£ = 7.0 Vdc, lc = 0) 
2N5320 
(VgE = 5.0 Vdc, lc =» 0) 
2N5321 


<EBO 


- 
0.1 
0.1 


mAdc 


ON CHARACTERISnCSd) 


DC Current Gain 
(lC = 500 mAdc, Vce = 40 vdc> 
2N5320 
2N5321 


(lC = 1.0 Adc, Vce = 2.0 Vdc) 
2N5320 


hFE 
30 
40 


10 


130 
250 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ig = 50 mAdc) 
2N5320 
2N5321 


vCE(sat) 


- 
0.5 
0.8 


Vdc 


Base-Emitter On Voltage 
(lC = 500 mAdc,Vce = 4.0 Vdc) 
2N5320 
2N5321 


VBE(on) 


- 
1.1 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
dC = 50 mAdc, Vce = 4.0 Vdc, f = 10 MHz) 
hfe 
5 
— 
— 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 3° Vdc' 'C = 500 mAdc, Igi = 50 mAdc) 
*on 
— 
80 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 500 mAdc, Igi = Ig2 = 50 mAdc) 
toff 
— 
800 
ns 


(1) Pulse Test: Pulse Width < 300 us. Duty Cycle =s 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


4-206 


2N5230, 2N5231 
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SMALL-SIGNAL DEVICES 


TYPICAL TRANSFER CHARACTERISTICS 


COllECTOR-TO EMITTER VOLTAGE (Vc£)= 4.0 V 


/ 


J 
(TAl = 26°C 
/ 


> 
r 


CC 
1200 
d 
1000 


o 
13 
Ann 
3 
o 
o 
WW 
ti 
400 


200 


0 
0.6 
0.7 
0.8 
0.9 
Vbe.BASE-TO-EMITTER VOLTAGE (V) 


MAXIMUM SAFE OPERATING AREAS (SOA) 


- CASE TEMPERATURE (Tc)= 25°C 
- (CURVES MUST BE0ERATE0 LINEARLY . 


(CONTINUOUS) 


> 


v \ N 


-50 uS 
-0.1 mS 


=0.2 mS- 


1 


-'FOR SINGLE 
NONREPETITtVE PUl 


,,5.0 mS" 


Si 
.DC OPERATION 


VCE0 MAX = 50 V 
(2N5321) 
-•> 
VCE0MAX = 75V 
~-(2N5320) 


10 
10JJ 


VCE. COLLECTOR-TO-EMITTER VOLTAGE (V) 


MOTOROLA SEMICONDUCTORS 


4-207 


2N5322 
2N5323 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5322 
2N5323 
Unit 


Collector-Emitter Voltage 
VCEO 
75 
50 
Vdc 
Collector-Base Voltage 
Vcbo 
100 
75 
Vdc 


Emitter-Base Voltage 
Vebo 
7.0 
5.0 
Vdc 


Base Current 
ib 
1.0 
Adc 


Collector Current — Continuous 
ic 
2.0 
Adc 
Total Device Dissipation @Tq = 25X 
Derate above 25X 
pd 
10 
0.057 
Watts 
W/X 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
X 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
Max 
I 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
17.5 
| 
XAV 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 100 mAdc, Ig = 0) 
2N5322 
2N5323 


v(BR)CEO 
75 
50 


- 


Vdc 


Collector Cutoff Current 
(VCe = 100 Vdc, Vg£ = 1.5 Vdc) 
2N5322 
(Vce = 70 Vdc, VgE = 1.5 Vdc, Tc = 150X) 
(Vce = 75 Vdc, VgE = 1.5 Vdc) 
2N5323 
(Vce = 45 Vdc, Vg£ = 1.5 Vdc. Tc = 150X) 


'CEX 


- 


0.1 
5.0 
0.1 
5.0 


mAdc 


Emitter Cutoff Current 
(VgE = 7.0 Vdc, lc = 0) 
2N5322 
(VgE = 5.0 Vdc, lc = 0) 
2N5323 


>EBO 


- 
0.1 
0.1 


mAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC = 500 mAdc, Vce = 4.0 Vdc) 
2N5322 
2N5323 


(lC = 1.0 Adc, Vce = 2.0 Vdc) 
2N5322 


hFE 
30 
40 


10 


130 
250 


Collector-Emitter Saturation Voltage 
(lc = 500 mAdc,Ig = 50 mAdc) 
2N5322 
2N5323 


vCE(satl 
0.7 
1.2 


Vdc 


Base-Emitter On Voltage 
dC = 500 mAdc, Vce = 40 vdc> 
2N5322 
2N5323 


VBE(on) 
1.1 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
dC = 50 mAdc, Vce = 4.0 Vdc, f = 10 MHz) 
hfe 
5 
— 
— 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 500 mAdc, Igi = 50 mAdc) 
'on 
— 
100 
ns 


Turn-Off Time 
(Vcc'= 30 Vdc, lc = 500 mAdc, Igi = Ig2 = 50 mAdc) 
toff 
— 
1000 
ns 


(1) Pulse Test: Pulse Width =s 300 /is. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N5322, 2N5323 


TYPICAL INPUT CHARACTERISTICS 
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SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


4-209 


2N5679 
2N5680 


NPN SIUCON 


2N5681 
2N5682 


PNP SIUCON 


CASE 79-02, STYLE 1 
TO-5 (TO-205AA) 


GENERAL PURPOSE 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 
Symbol 
2N5679 
2N5681 
2N5680 
2N5682 
UnH 


Collector-Emitter Voltage 
Vceo 
100 
120 
Vdc 


Collector-Base Voltage 
vcbo 
100 
120 
Vdc 


Emitter-Base Voltage 
vEBO 
4.0 
Vdc 


Base Current 
>b 
0.5 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 
pd 
1.0 
5.7 
Watt 
mW/X 


Total Device Dissipation @ Tc - 25X 
Derate above 25X 
pd 
10 
57 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
tJ. Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
17.5 
XAV 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
XAV 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 10 mAdc, Ig = 0) 
2N5679, 2N5681 
2N5680, 2N5682 


VCEO(sus) 
100 
120 


- 


Vdc 


Collector Cutoff Current 
(Vce = 70 Vdc, Ig = 0) 
(Vce = 80 Vdc, Ig = 0) 


'CEO 


- 
10 
10 


ftAdc 


Cotlector Cutoff Current 
(Vce = 100Vdc, VEg = 1.5Vdc) 
2N5679, 2N5681 
(Vce = 120Vdc, VEg = 1.5Vdc) 
2N5680, 2N5682 


(Vce = 10° Vdc< VEB = 1-5Vdc, Tc = 150X) 
2N5679, 2N5681 
(Vce = 120Vdc, Veb = 1-5Vdc, Tc = 150X) 
2N5680, 2N5682 


XEX 


— 
1.0 
1.0 


1.0 
1.0 


ftAdc 


mAdc 


Collector Cutoff Current 
(Vcg = 100Vdc, Ie = 0) 
2N5679, 2N5681 
(Vcg = 120Vdc,Ie = 0) 
2N5680, 2N5682 


ICBO 


- 
1.0 
1.0 


ftAdc 


Emitter Cutoff Current 
(VEg = 4.0 Vdc, lc = 0) 
>EBO 
— 
1.0 
pAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 250 mAdc, Vce = 2.0 Vdc) 
(lC = 1.0 Adc, Vce = 2.0 Vdc) 


hFE 
40 
5.0 
150 


— 


Collector-Emitter Saturation Voltage 
dC = 250 mAdc, Ig = 25 mAdc) 
dC = 500 mAdc, Ig = 50 mAdc) 
dC = 1.0 Adc, Ig = 200 mAdc) 


VCE(sat) 


- 
0.6 
1.0 
2.0 


Vdc 


Base-Emitter Saturation Voltage 
dC = 250 mAdc, Vce = 2.0 Vdc) 
VBE(sat) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC =• 100 mAdc,Vce " 1° Vdc'f ° 1° MHz> 


Output Capacitance 
(VCg = 20 Vdc, lE 
0, f = 1.0 MHz) 


Small-Signal Current Gain 
dC " 0-2Adc,Vce " 1-5Vdc. f = 1.0kHz) 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


3*5979, 2N5680, 2N5681, 2N5682 


FIGURE 1 - 
SWITCHING TIMES TEST CIRCUIT 
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FIGURE 2 - 
TURN-ON TIME 
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FIGURE 3 - TURN-OFF TIME 
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MOTOROLA SEMICONDUCTORS 


2N5679, 2N5680, 2N5681, 2N5682 


FIGURE 4 - 
CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE S - CAPACITANCE 
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FIGURE 6 - 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curvesindicate Ig • Vce limitsof the transistor 
that must beobserved for reliable operation; i.e.. the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure 7 is based on Tc •» 25°C; Tjipk) is 
variable depending on power level. Second breakdown pulse limits 
arevalid forduty cycles to 10% provided Tj(pk) <20O°C. Tj(pi<) 
may be calculatedfrom the data in Figure 6. At highcasetemp 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 7 may be found at any case temperature by using 
the appropriate curve on Figure 8. 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


2N5679, 2N5680, 2N5681, 2N5682 
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FIGURE 9 - 
DC CURRENT GAIN 
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FIGURE 10 - 
COLLECTOR SATURATION REGION 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
Vdc 


Collector-Base Voltage 
vcbo 
80 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
2.0 
Adc 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
1.0 
6.0 
Watt 
mWVC 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
| Thermal Resistance, Junction toCase 
RftlC 
35 
"CAV 
| Thermal Resistance, Junction to Ambient 
RflJA 
175 
•CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N5859 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dc - 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 100 {iAdc, Ig = 0) 
V(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 (iAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current (Vce = 50 Vdc, VflEloff) = 2.0Vdc) 
(Vce = 50 Vdc, VBE(off) = 2.0 Vdc, TA = 75°C) 
'CEX 
0.2 
5.0 
ftAdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie = 0) 
(Vcb = 50 Vdc, Ie = 0, TA = 75°C) 
>CBO 
— 
0.25 
5.0 
(iAdc 


Emitter Cutoff Current 
(Vbe = 5-° Vdc, 'c = °) 
>EBO 
- 
0.1 
liAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
(lc = 500 mAdc, Vce = 1-0Vdc) 
(lC = 1.0 Adc, Vce = 10 Vdc) 
dC = 1.0 Adc, VCe = 10 Vdc, TA = -55X) 


hFE 
30 
15 
10 


120 
100 


— 


Collector-Emitter Saturation Voltage 
dc = 500 mAdc, Ib = 50 mAdc) 
(lC = 1.0 Adc, Ib = 100 mAdc) 
VCE(sat) 
0.4 
0.7 
Vdc 


Base-Emitter Saturation Voltage 
dc = 500 mAdc, Ib = 50 mAdc) 
| 
(lC = 1.0 Adc, Ib = 100 mAdc) 
VBE(sat) 
0.8 
0.9 
1.0 
1.25 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
*T 
250 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ig = 0, f = 100 kHz) 
Ccb 


— 
7.0 
pF 
Emitter-Base Capacitance 
(Veb = °-5 Vdc, lc = 0, f = 100 kHz) 
Ceb 
— 
60 
PF 


SWITCHING CHARACTERiSTICS 


Delay Time 
(Vcc ° 30 Vdc,VBE(off) ° 2-° Vdc, lc = 1.0 Adc, 
Igi = 100 mAdc) (Figures 8 and 10) 


td 
— 
6.0 
ns 


Rise Time 
(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, lc = 1.0 Adc, 
Igi = 100 mAdc) (Figures 8 end 10) 


tr 
— 
30 
ns 


Storage Time 
(VCc = 30 Vdc, lc = 1.0 Adc, 
IBI - 'B2 ~ 100 mAdc) (Figures 9 and 11) 


ts 
35 
ns 


Fall Time 
(VCc = 30 Vdc, lc = 10 Adc, 
>B1 - 
>B2 = 100 mAdc) (Figures 9 and 11) 


tf 


" 


35 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N5859 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unlessotherwisenoted.) 
I 
Characteristic 
Symbol 
Min 
Max 
Unit 


Turn-On Time 
(VCc = 30 Vdc, VBE(off) = 20 Vdc, lc = 1.0Adc. 
IBI - 
100 mAdc) (Figures 8 and 10) 


ton 
— 
35 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 1.0 Adc, 
IBI - 'B2 - 
100 mAdc) (Figures 9 and 11) 


toff 
60 
ns 


(1) Pulse Test: Pulse Width <s300 us, Duty Cycle =s2.0%. 


FIGURE 1 - 
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There are two limitations on the power handling ability of a 
transistor: 
junction temperature and second breakdown. 
Safe 
operating area curves indicate lc-VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 
The data of Figure 1isbased onTjjpit) =200°C; Tc isvariable 
depending on conditions. 
Pulse curves are valid for duty cycles of 
10% provided Tj(p)t) S 200°C. Athigh case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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FIGURE 2 - 
DC CURRENT GAIN 
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FIGURE 4 - 
COLLECTOR SATURATION REGION 
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FIGURE 3 - 
"ON" VOLTAGES 
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FIGURE 5 - 
TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 10 - 
TURN-ON TIME TEST CIRCUIT 
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FIGURE 7 - CAPACITANCE 
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FIGURE 9 - 
TURN-OFF TIME 
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FIGURE 11 - TURN-OFF TIME TEST CIRCUIT 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
Vcbo 
100 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
2.0 
Adc 


Total Device Dissipation @ TA = 25'C 
Derate above 25°C 
pd 
1.0 
6.0 
Watt 
mW/X 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
"C 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
50 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC = 100 ftAdc, Ie = 0) 
V(BR)CBO 
100 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 ftAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vce =• 50Vdc, VBE(off) = 20 Vdc) 
(Vce = 60Vdc. VBE(off) = 20 Vdc,TA= 75°C) 


"CEX 


- 
0.3 
10 


ftAdc 


Collector Cutoff Current 
(Vcb = 60 Vdc,Ie = 0) 
(Vcb = 60 Vdc,Ie = 0, TA = +75°C) 


'CBO 


- 
0.3 
10 


tiAdc 


Emitter Cutoff Current 
(vBe = 6.o vdc. ic = o) 
•ebo 
— 
0.1 
uAdc 


ON CHARACTERISnCS(l) 


DC Current Gain 
(lC = 500 mAdc, Vce 
dC = 600 mAdc, Vce 
1.0 Vdc) 
1.0 Vdc, TA = -55*0 


Collector-Emitter Saturation Voltage 
dC = 600 mAdc, Ib = 50 mAdc) 


Base-Emitter Saturation Voltage 
(lC = 500 mAdc, Ib - 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce ° ™Vdc. •* " l00 MHz> 


Collector-Base Capacitance 
(Vcb = 10 Vdc. Ie ° 0. f 
100 kHz) 


Emitter-Base Capacitance 
(VBE " 0-6Vdc lc = 0. f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Delay Time 


Rise Time 


(VCC = 30 Vdc,VBE(off) = 2.0 Vdc, 
lC = 500 mAdc, Ibi = 50 mAdc) 


MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 500 mAdc, 
l81 = >B2 - 50 mAdc) 
toff 


— 
60 
ns 


Storage Time 
ts 


— 
35 
ns 


Fall Time 
tf 
- 
35 
ns 
(1) Pulse Test: Pulse Width * 300 as. Duty Cycle « 2.0% 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 3 - 
TURN-ON TIME 
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FIGURE 2 - 
CAPACITANCE 
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FIGURE 4 - 
TURN-OFF TIME 
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FIGURE 5 - 
TURN-ON TIME TEST CIRCUIT 


I, < 1.0 ns 
P.W>200nJ 
Duty Cycle< 2.0% 
GeneratorSource Impedance- 5012 
Pulse Generator: EH1421 Timing Unitand 1121 Pulse Driver 
Oscilloscope: Tektronix 661Sampling Scope 
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Vout 


Vin during ton interval must be +5.8 V. 
All waveforms and bias levels must be set with unit in circuit. 


MOTOROLA SEMICONDUCTORS 


2N5861 


FIGURE 6 - TURN-OFF TIME TEST CIRCUIT 
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FIGURE 7 - 
DC CURRENT GAIN 
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FIGURE 9 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
. transistor: 
junction temperature and secondary breakdown. Safe 
operating area curves indicate <c—VcE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 
The dataof Figure 9 isbased onTj(p|c) - 200°C; Tc isvariable 
depending on conditions. Pulsecurves are valid for duty cycles of 
10% provided TjjpkjS 200°C. Athigh esse temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


MOTOROLA SEMICONDUCTORS 


Vout 


Vinduringtoff interval mustbe-4.0 V. 
All waveforms and bias levels must be set with unit in circuit. 


FIGURE 8 - 
"ON" VOLTAGES 
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RGURE 10 — TEMPERATURE COEFFICIENTS 
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(MAXIMUM RATINGS 


Rating 
Symbol 
2N6430 
2N6431 
Unit 
Collector-EmitterVoltage 
VcEO 
200 
300 
Vdc 


Collector-Base Voltage 
vcbo 
200 
300 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mA 
Total Device Dissipation @ TA - 25°C 
Derate above 25°C 
pd 
500 
2.86 
mW 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.8 
10.3 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


2N6430 
2N6431 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Min 
Max 
Unit 
| 


Collector-Emitter Breakdown Vottage! 1) 
«C = 10 mAdc, Ib = 0) 
2N6430 
2N6431 


V(BR)CEO 
200 
300 


- 
Vdc 


Collector-Base Breakdown Voltage 
(lC » 0.1 mAdc, Ie = 0) 
2N6430 
2N6431 


v(BR)CBO 
200 
300' 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 0.1 mAdc, lc = 0) 
V(BR)EB0 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 160 Vdc) 
2N6430 
(Vcb = 200 Vdc) 
2N6431 


'CBO 


- 
0.1 
0.1 


ftAdc 


Emitter Cutoff Current 
(VEb = 4.0 Vdc, lc = 0) 
<EB0 
— 
0.1 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 


hFE 
25 
40 
50 
200 


•"' 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Iq = 2.0 mAdc) 
VcE(sat) 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 
vBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
50 
500 
MHz 


Collector-Base Capacitance 
(Vcb = 20 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
4.0 
pF 


(1)Pulse Test: Pulse Width =s 300 fts. Duty Cycle < 2.0%. 
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2N6432 
2N6433 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTOR 


PNP SIUCON 


Refer to 2N3743 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
2N6432 
2N6433 
Unit 


Collector-Emitter Voltage 
VCEO 
200 
300 
Vdc 


Collector-Base Voltage 
Vcbo 
200 
300 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
'c 
500 
mA 


Total Device Dissipation @ TA = 25°C 
Derate above 25'C 
pd 
500 
2.86 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.8 
10.3 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mAdc, lc = 0) 


Collector Cutoff Current 
(VCB = 160 Vdc) 
(VCB = 200 Vdc) 


Emitter Cutoff Current 
(Veb ° 3.0 vdc, ic ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc,Vce = 10 Vdc) 
(lC= 10 mAdc. Vce = 10Vdc) 
dC = 30 mAdc,Vce = 10Vdc) 


Collector-Emitter Saturation Voltage 
(lC = 20 mAdc, Ib = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20Vdc, f = 20 MHz) 


Collector-Base Capacitance 
(Vcb = 20Vdc,Ie = 0,f = 1.0 MHz) 
(1) Pulse Test: Pulse Width * 300 fts, Duty Cycle < 2.0%. 
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2N6432 
2N6433 


2N6432 
2N6433 


2N6432 
2N6433 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'CBO 


<EBO 


hFE 


VCE(sat) 


VBE(sat) 


Ccb 


Min 


200 
300 


200 
300 


5.0 


25 
40 
30 


50 


Max 


0.25 
0.25 


0.1 


150 


0.5 


0.9 


500 


6.0 


UnH 


Vdc 


Vdc 


Vdc 


ftAdc 


ftAdc 


Vdc 


Vdc 


MHz 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MM420 
MM421 
UnH 
Collector-Emitter Voltage 
VCEO 
250 
325 
Vdc 
Collector-Base Voltage 
Vcbo 
275 
350 
Vdc 


Emitter-Base Voltage 
Vebo 
6.0 
6.0 
Vdc 


Base Current 
ib 
100 
100 
mA 


Collector Current — Continuous 
ic 
100 
500 
mA 
Total Device Dissipation @ TA = 25°C 
Derate above 25'C 
pd 
800 
5.3 
mW 
mW/'C 
Total Device Dissipation @ TA = 75°C 
Derate above 75°C 
pd 
2.5 
25 
Watts 
mW/X 
Operating and Storage Junction 
Temperature Range 
Tj,T8tg 
-65 to +175 
°C 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MM420 
MM421 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


TRANSISTOR 


NPN SILICON 


Refer to 2N3439 for graphs. 


Symbol 
MIn 
Max 
UnH 


Collector-Emitter Sustaining Voltaged) 
dC = 10 mA. Ib = 0) 
MM420 
MM421 


VCEO(sus) 
250 
325 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /iAdc) 
MM420 
MM421 


v(BR)CB0 
275 
350 


- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc) 
V(BR)EBO 
6 
— 
Vdc 


Collector Cutoff Current 
(VCE = 250 Vdc, lB = 0) 
MM420 
(Vce = 325 Vdc, lB =• 0) 
MM421 


•ceo 


- 
1.0 
1.0 


mAdc 


Collector Cutoff Current 
(VBe = 275 Vdc, lE = 0) 
MM420 
(VBe " 350 Vdc, lE =• 0) 
MM421 


!CBO 


- 
100 
100 


/iAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 20 Vdc) 
dc = 10 mAdc, Vce = 20 Vdc) 
dC = 30 mAdc, VCE = 20 Vdc) 


"FE 
15 
25 
25 
250 


— 


Collector-Emitter Saturation Voltage 
dc = 30 mAdc, Ib = 3.0 mAdc) 
VCE(sat) 
— 
5.0 
Vdc 


Base-Emitter On Voltage 
dC = 30 mA. VCE = 20 V) 
vBE(on) 
— 
1.0 
V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mA, Vce = 20 V, f = 10 MHz) 
fT 
15 
- 
MHz 


Output Capacitance 
(VCb = 20 V, f = 100 kHz) 
(Common Base) 
C0bo 
— 
12 
PF 


(1) PW « 300 ftsec. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


4-223 


MM1505 


CASE 27-02, STYLE 1 
TO-52 (TO-206AC) 


SWITCHING TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltaged) 
VCEO 
6.0 
Vdc 


Collector-Emitter Voltage 
VCES 
11 
Vdc 


Collector-Base Voltage 
Vcbo 
15 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


Total Device Dissipation @ TA = 25'C 
Derate above 25°C 
pd 
0.30 


1.71 
Watt 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
'C 


Lead Temperature 
(Soldering, 60 second time limit) 
TL 
300 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 ftAdc, Vbe = 0) 
V(BR)CES 
11 
— 
Vdc 


Collector-Emitter Sustaining Voltage(2) 
(lc = 10 mAdc, Ib = 0) 
VCEO(sus) 
6.0 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ie = 0) 
V(BR)CBO 
15 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0) 
V(BR)EBO 
4.0 
Vdc 


Collector Cutoff Current 
(Vce = 11 Vdc, Vbe = °) 
(Vce = 5.0 vdc, vBe = o) 
(Vce = 5.o vdc, Vbe = o, ta = +85°o 


•CES 


- 


10 
0.1 
5.0 


ftAdc 


Base Cutoff Current 
(Vce = 11 Vdc,VEB(off) = °) 
IBL 
- 
10 
ftAdc 


ON CHARACTERISTICS^) 


DCCurrent Gain 
dc = 1-0mAdc, Vce = 0.4 Vdc) 
dC = 10 mAdc, Vce = 0.4 Vdc) 
(lC = 30 mAdc, Vce = 0.4 Vdc) 


hFE 
15 
25 
15 
125 


— 


Collector-EmitterSaturation Voltage 
dc = 1.0 mAdc, Ib = 0.1 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 30 mAdc, Ib = 3.0 mAdc) 
dC = 10 mAdc,Ifl = 1.0 mAdc,TA = 85'C) 


VCE(sat) 


- 


0.25 
0.25 
0.38 
0.4 


Vdc 


Base-Emitter Saturation Voltage dc = 1.0 mAdc, Ib = 0.1 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 30 mAdc, Ib = 3.0 mAdc) 


VBE(sat) 
0.68 
0.75 
0.85 
0.95 
1.3 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 4.0 Vdc,f = 100 MHz) 
fr 
600 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc,lE = 0. f = 140 kHz) 
Cobo 
— 
3.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc,lc = 0, f = 140 kHz) 
Cjbo 
— 
2.0 
PF 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = IBI ~ >B2 = 5.0 mAdc) 
ts 
— 
6.0 
ns 


Turn-dn Time 
(Vcc = 1° Vdc, VflE(off) = 1-°Vdc, lc = 10mAdc, Ibi " 2.0mAdc) 
ton 
— 
12 
ns 


Turn-Off Time 
(Vcc = 1° Vdc, lc = 10 mAdc, Ibi - <B2 " 1° mAdc' 
toff 
— 
12 
ns 


(1)Applicablefrom 0.01 mAdcto 10 mAdc (Pulsed). 
(2) Pulse Test: Pulse Length = 300 fts, Duty Cycle «s2.0%. 


MOTOROLA SEMICONDUCTORS 


4-224 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO(sus) 
6.0 
Vdc 
Collector-Base Voltage 
Vcbo 
15 
Vdc 
Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 
TotalDevice Dissipation@ TA = 25°C 
Derate above 25°C 
PD 
300 
1.71 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
Thermal Resistance, Junction to Ambient 
RflUAd) 
583 
"CAV 
(1) RajA 'Smeasured withthe devicesolderedintoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage(2) 
dc = 10mAdc, Ib = 0) 
Collector-Base Breakdown Voltage dc = 10ftAdc, Ie = 0) 
Emitter-Base Breakdown Voltage (Ie = 10ftAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 5.0 Vdc, lE o 0) 


(VCB = 5.0Vdc,Ie = 0, TA = 150°C) 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 mAdc, Vce = 0.5 Vdc) 


dc = 10mAdc, Vce = 0.5Vdc, TA 
dC = 30 mAdc. Vce = 1-0Vdc) 
-55°C) 


MM1748 
MM1748A 


Both Devices 


MM1748 
MM1748A 


Both Devices 
Both Devices 
Collector-Emitter Saturation Voltage 
dc = 3.0mAdc, Ib = 0.15 mAdc) 
Base-Emitter Saturation Voltage 
dc = 3.0mAdc, Ib = 0.15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 5.0 mAdc, Vce = 4.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VCB = 5.0 Vdc,Ie = 0, f = 140 kHz) 


Input Capacitance 
(VBE = 0-5 Vdc, lc = 0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(VCC = 3.0 Vdc, lc = 5.0 mAdc, let ° »B2 = 5.0mAdc) 


Turn-On Time 
(Vcc = 10 Vdc, VBE(off) = 10 Vdc, lc = 10mAdc, 
IBI = 2.0 mAdc, Ib2 = 1.0 mAdc) 


Turn-Off Time 
(VCC = 1-0 Vdc, lc = 10mAdc, Ibi = lB2 = 1-0 mAdc) 
(1) PulseTest: PulseWidth * 300fts.DutyCycle *s 2.0%. 


SMALL-SIGNAL DEVICES 


MM1748 
MM1748A 


4-225 


Symbol 


vCEO(sus) 


V(BR)CBO 


V(BR)EBO 


'CBO 


hFE 


VCE(sat) 
vBE(sat) 


Cobo 


Cibo 


toff 


MM1748.A 


CASE 27, STYLE 1 
TO-52 (TO-206AC) 


SWITCHING TRANSISTOR 


NPN SIUCON 


Min 


6.0 


15 


4.0 


20 
30 


10 
15 


0.7 


600 
800 


Typ 


20 
20 


0.2 


0.78 


750 
850 


2.0 


1.8 


4.0 


12 


12 


Max 


50 
5.0 


5.0 


120 
90 


0.3 


0.85 


3.0 


2.0 


6.0 


15 


15 


UnH 


Vdc 


Vdc 


Vdc 


nAdc 


ivtAdc 


Vdc 


Vdc 


MHz 


pF 


PF 


MOTOROLA SEMICONDUCTORS 


MM2005 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


AMPLIFIER TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
vcbo 
25 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
"c 
600 
mAdc 


Total Device Dissipation @ TA = 25'C 
Derate above 25°C 
pd 
400 
2.28 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25*C 
pd 
1.4 
8.0 
Watts 
mW/'C 


Operatingand Storage Junction 
Temperature Range 
Tj. T8tg 
-65 to +200 
°C 


Refer to 2N2304 for graphs. 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(ic = 10mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(IC = 100ftAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(lE = 100ftAdc, lc = 0) 


Collector Cutoff Current 
(Vcb ° is vdc, Ie = Q) 


ON CHARACTERISTICS!!) 


DC Current Gain 
dC ° ISOmAdc, Vce 
10 Vdc) 


Collector-Emitter Saturation Voltage 
(lC = ISO mAdc, Ib = 15 mAdc) 


Base-Emitter Saturation Voltage 
(lC = 160mAdc, Ifl = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb - 10Vdc, Ie = 0.f - 100kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC ° 30Vdc. lc = 150 mAdc, Ibi = 15mAdc) 


Turn-Off Time 
(VCC " 6.0Vdc, lc " 150 mAdc, Ibi = Ifl2 ° 1SmAdc) 
(1) PulseTest: PulseWidth<s 300fts,DutyCycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


•CBO 


hFE 


VCE(sat) 


VBE(sat) 


Cobo 


toff 


4-226 


20 
Vdc 


25 
Vdc 


4.0 
Vdc 


0.5 
/iAdc 


100 
200 
400 


0.3 
1.0 
Vdc 


0.7 
2.0 
Vdc 


6.0 
15 
PF 


20 
45 


85 
100 
Its 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MM22S8 
MM2259 
MM2260 
Unit 
Collector-Emitter Voltage 
VCEO 
120 
175 
Vdc 
Collector-Base Voltage 
VCBO 
120 
175 
Vdc 
Emitter-Base Voltage 
VEBO 
5.0 
Vdc 
Collector Current — Continuous 
ic 
. 500 
| 
300 
mAdc 
TotalDevice Dissipation @ TA = 25'C 
Derate above 25'C 
PD 
1.0 
5.71 
Watt 
mW/'C 
Total Device Dissipation @Tc « 25°C 
Derate above 25'C 
pd 
5.0 
28.6 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
MM22S9 
MM22S8 MM2260 
UnH 
Thermal Resistance, Junction to Case 
R&JC 
35 
•CAV 
Thermal Resistance, Junction to Ambient 
RftJA 
175 
•CAV 


ELECTRICAL CHARACTERISTICS (TA - 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter BreakdownVoltaged) 
dC = 10 mAdc, Ib = 0) 


Collector-BaseBreakdown Voltage 
dC ° 10 fiAdc, Ie = 0) 


Emitter-Base BreakdownVoltage 
(IE ° 10 ftAdc,lc = 0) 


Collector Cutoff Current 
(Vcb •=• 75 V, l£ = 0) 
(Vcb = 75 v. Ie = o, 50°o 


Emitter Cutoff Current 
(Veb ° 4.0 vdc, ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC ~ 1-0mAdc,Vce = 10 Vdc) 


(lfc = 10 mAdc,Vce = 10 Vdc) 


(lC = 50 mAdc,Vce = 10 Vdc) 


Collector-Emitter SaturationVoltage 
dC " 25 mAdc, Ib = 2.5 mAdc) 
Base-EmitterSaturation Voltage 
dc ° 26 mAdc. Ib = 2.5 mAdc) 


SMALL-SIGNALCHARACTERISTICS 


Output Capacitance 
(Vcb = 10 Vdc,lE = 0, f = 100 kHz) 


Collector-Base Capacitance 
(Vcb = 26 Vdc,IC = 10 mAdc) 


MM2258 
MM2259, MM2260 


MM2258 
MM2259, MM2260 


MM2259 
MM2258, MM2260 


MM2259 
MM2268, MM2260 


MM2269 
MM2258, MM2260 


MM2268 
MM2259, MM2260 


MM2258 
MM2259, MM2260 
Magnitudeof ForwardCurrent Transfer Ratio,Common-Emitter 
(VCE " 25Vdc,lc = 20 mAdc,f = 100 MHz) 
(1) PulseTest: PW* 300fts. DutyCycle* 2.0%. 


SMALL-SIGNAL DEVICES 


4-227 


MM2258 
MM2259 
MM2260 


CASE 31-03, STYLE 1 
TO-5 (TO-205AA) 


TRANSISTOR 


NPN SIUCON 


Refer to 2N34S8for graphs. 


Symbol 


v(BR)CEO 


v(BR)CBO 


v(BR)EBO 


'CBO 


'EBO 


hFE 


VcE(sat) 


vBE(sat) 


C0bo 


Ccb 


Ihfel 


MIn 


120 
175 


120 
175 


5.0 


25 
50 


35 
50 


35 
50 


1.6 


Max 


.050 
50 


25 


0.4 


1.0 


9.0 
8.0 


6.0 
4.5 


UnH 


Vdc 


Vdc 


Vdc 


MAdc 


nAdc 


Vdc 


Vdc 


PF 


PF 


MOTOROLA SEMICONDUCTORS 


MM3000 
thru 
MM3003 


CASE 78, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MM3000 MM3001 MM3002 MM3003 
UnH 


Collector-Emitter Voltage 
VCEO 
100 
150 
200 
250 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — 
Continuous 
ic 
200 
200 
50 
50 
mAdc 


Total Device Dissipation 
@ TA = 25'C 
Derate above 25°C 


PD 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation 
@ TC =• 25'C 
Derate above 25°C 


pd 
5.0 
28.6 
Watts 
mW/'C 


Operating and Storage 
Junction 
Temperature Range 


Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 26°C unless otherwisenoted.) 
Symbol 
MIn 
Max 
UnH 
| 
Characteristic 


OFF CHARACTERISTICS 


Coll8ctor-Emitter Breakdown Voltaged) 
(lC - 10 mAdc,Ib <* 0) 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 


Collector Cutoff Current 
(Vcb » 60 Vdc Ig = 0) 
(Vcb = 75 vdc, Ie = o) 
(Vcb ° ioo vdc. ie ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
(IC ° 10 mAdc Vce ° 10Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC ° 10mAdc. Vce ° 20Vdc, f = 100MHz) 


Output Capacitance 
(VCB = 20VdCj.|£ 
0, f = 100 kHz) 


(1)Pulse Test: Pulse Width <s 300 fts, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


MM3000 
MM3001 
MM3002 
MM3003 


MM3000 
MM3001 
MM3002, MM3003 


MM3000, MM3001 
MM3002, MM3003 


4-228 


V(BR)CEO 


V(BR)EBO 


"CBO 


hFE 


cobo 


100 
100 
160 
200 
250 


5.0 


20 


150 


1.0 
1.0 
5.0 


7.0 
15 


Vdc 


Vdc 


fiAdc 


MHz 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MM3005 MM3006 MM3007 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
80 
100 
Vdc 
Collector-Base Voltage 
Vcbo 
80 
100 
120 
Vdc 


Emitter-Base Vottage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
2.5 
Adc 


Total Device Dissipation 
@ TA = 25'C 
Derate above 25'C 


pd 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation 
@ Tc = 25"C 
Derate above 25'C 


pd 
8.0 
45.6 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS(TA = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


MM3005 
MM3006 
MM3007 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AUDIO TRANSISTOR 


NPN SIUCON 


Min 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
MM3005 
MM3006 
MM3007 


V(BR)CEO 
60 
80 
100 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /tAdc. Ie = 0) 
MM3005 
MM3006 
MM3007 


V(BR)CBO 
80 
100 
120 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 Vdc, l£ = 0) 
(Vcb = bo vdc, Ie = oi 
(Vcb = 100 Vdc Ie = 0) 


MM3005 
MM3006 
MM3007 


>CBO 


- 
100 
100 
100 


nAdc 


Emitter Cutoff Current 
(Vbe = 4.o Vdc, ic = oj 
•ebo 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 1-0Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 
dC = 200 mAdc, Vce = 10 Vdc) 
dC ° 250 mAdc, Vce ° 10 Vdc) 
Collector-EmitterSaturation Voltage 
(lC = ISOmAdc, »b = 15 mAdc) 


Base-Emitter On Voltage 
dc ° 150 mAdc. Vce ° 1-0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product!1) 
dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcb = 10 vdc Ie 
0, f = 100 kHz) 
(1)Pulse Test: Pulse Width =s 300 fts. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 


All Types 
MM3005 
MM3006 
MM3007 


4-229 


hFE 


VCE(sat) 


VBE(on) 


cobo 


40 
50 
50 
50 


0.60 


50 


250 
250 
250 


0.35 


0.75 


Vdc 


Vdc 


MHz 


PF 


MOTOROLA SEMICONDUCTORS 


MM3008 
MM3009 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MM3008 MM3009 
UnH 


Collector-Emitter Voltage 
VCEO 
120 
180 
Vdc 


Emitter-Base Voltage 
vEbo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
400 
mAdc 


Total Device Dissipation @ TA =• 25'C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
4.0 
22.8 
Watts 
mW/"C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICALCHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10mAdc, IB = 0) 
MM3008 
MM3009 


V(BR)CEO 
120 
180 


- 


Vdc 


Emitter-Base Breakdown Vottage 
(Ie = 10 ftAdc,lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 120Vdc,l£ = 0) 
MM3008 
(Vcb = 180Vdc, Ie = 0) 
MM3009 


'CBO 


- 
0.1 
0.1 


MAdc 


Emitter Cutoff Current 
(Vbe = 4.o vdc, ic = o) 
>EBO 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
hFE 


— 
(lC = 10 mAdc,Vce ° 10 Vdc) 
30 
— 
dC = 10 mAdc,VCe = 10 Vdc) 
40 
— 
dC = 30 mAdc,Vce = 1° Vdc) 
30 
— 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc,Vce = 20 Vdc,f = 20 MHz) 


Output Capacitance 
(Vcb ° 20 vdc, ie 


Input Capacitance 
(VBe " 0-5 Vdc, lc 


0, f •= 1.0 MHz) 


O.f = 1.0 MHz) 


(1) Pulse Test: Pulse Width « 300 fts, Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 


4-230 


50 
MHz 


Cobo 
4.0 
PF 


Cjijo 
20 
PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Base Voltage 
Vcbo 
50 
Vdc 
Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.5 
Adc 
Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/'C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
5.0 
28.6 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj, Ts,g 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
Rfljc 
35 
'CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
°CAV 


ELECTRICAL CHARACTERISTICS(TA = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MM3726 


CASE79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Refer to 2N3467 for graphs. 


Symbol 
Min 
Max 
UnH 


Collector-Emitter BreakdownVoltaged) 
dc = 10 mAdc,Iq = 0) 
V(BR)CEO 
50 
— 
Vdc 
I Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 
| Collector Cutoff Current (Vcb = 40 Vdc, l£ = 0) 
'CBO 
— 
0.1 
MAdc - 
ON CHARACTERISTtCSd) 


DC Current Gain 
dC = 500 mAdc, Vce = 2.0 Vdc) 
dC " 1.0 Adc, Vce = 5.0 Vdc) 


hFE 
30 
15 
120 


— 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, lB = 100 mAdc) 


VCE(sat) 


- 
0.6 
1.2 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, IB = 100 mAdc) 


vBE(sat) 
0.8 
1.1 
1.3 


Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product(l) 
dC = 50 mAdc. Vce = 10 Vdc,f = 100 MHz) 
*T 
200 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = IOO kHz, emitter guarded) 
Ccb 
— 
10 
PF 


Emitter-Base Capacitance 
(Vbe = 0.5 Vdc,lc = 0, f = IOO kHz,collector guarded) 
Ceb 
— 
80 
PF 


SWITCHING CHARACTERiSTICS 


Turn-On Time 
(Vcc = 30 Vdc. VBE(off) = 2.0Vdc. lc = 500mAdc. 
Ibi = 50 mAdc, Rb = 200 ohms, Rl = 60 ohms) 


ton 
— 
30 
ns 


Turn-Off Time 
(Vcc = 30 Vdc,lc = 500 mAdc,Ibi = Ifl2 = 50 mAdc, 
RB = 200 ohms, Rl = 60 ohms) 


toff 
— 
SO 
ns 


Turn-On Time 
(Vcc = 30 Vdc.Vbe = 2.0 Vdc, lc = 1.0 Adc, 
Ibv = 100 mAdc, Rb = 100 ohms, Rl = 30 ohms) 


ton 
— 
35 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 10 Adc,Ibi = >B2 = 100mAdc, 
RB = 100 ohms, Rl = 30 ohms) 


toff 
— 
60 
ns 


(1)Pulse Test: Pulse Width < 300 fts, DutyCycle< 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MM3903 
MM3904 


CASE 27-02, STYLE 1 
TO-52 (TO-206AC) 


GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ TA = 25'C 
Derate above 25°C 
pd 
200 
2.0 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
'Derate above 25'C 
pd 
500 
5.0 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +125 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Ambient 
R&JA 
490 
'CAN 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 1-0 mAdc, Ib = 0) 
v(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie ° 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Base CutoffCurrent 
(Vce = 30 Vdc,VEB(off) = 3-0Vdc) 
>BEV 
— 
50 
nAdc 


CollectorCutoffCurrent 
(Vce = 30 Vdc,V£B(off) = 3.0 Vdc) 
'CEX 
- 
50 
nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 0.1 mAdc,Vce = 1° Vdc) 
MM3903 
MM3S04 


(lC= 1.0mAdc. Vce = 1-0Vdc) 
MM3903 
MM3904 


(lC = 10 mAdc. Vce = 10 Vdc) 
MM3903 
MM3904 


(lC= 50 mAdc,Vce = 10 Vdc) 
MM3903 
MM3904 


(lc = 100mAdc, Vce = 1-0Vdc) 
MM3903 
MM3904 


hFE 
20 
40 


35 
70 


50 
100 


30 
60 


10 
15 


150 
300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib ° 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
0.2 
0.3 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.65 
0.85 
0.95 


Vdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


4-232 


MM3903, MM3904 


ELECTRICAL CHARACTERISTICS (continued) (TA ° 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
(lC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 
MM3903 
MM3904 


fT 
250 
300 


- 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, |E = 0, f = 100 kHz) 
Cobo 
— 
4.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc. lc = 0, f = 100 kHz) 
Cibo 
— 
8.0 
pF 


Small-Signal Current Gain 
(lC = 1.0 mAdc, Vce " 10 Vdc, f = 1.0 kHz) 
MM3903 
MM3S04 


hfe 
50 
100 
200 
400 


— 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 3-0Vdc, VBE(off) = 0.5Vdc, 
lC = 10 mAdc, Ibi = 1-0 mAdc) 
td 


— 
35 
ns 


Rise Time 
tr 


— 
35 
ns 
Storage Time 
(Vcc = 3.0 Vdc, lc = 10 mAdc, 
MM3903 
IBI = >B2 = 1.0 mAdc) 
MM3304 
ts 
— 
175 
200 
ns 


Fall Time 
tf 
— 
50 
ns 
d) Pulse Test: Pulse Width « 300 fts. Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES 
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MM3905 
MM3906 


CASE 27-02, STYLE 1 
TO-52 (TO-206AC) 


GENERAL PURPOSE TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
200 
mAdc 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
360 
2.06 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Ambient 
RflJA 
490 
•CAV 


Refer to 2N3250 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 
UnH 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC *» 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC= 10 MAdc. Ie = 0) 
V(BR)CB0 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Base Cutoff Current 
(Vce = 30 vdc, Vbe = 3.o vdc) 
'BEV 
— 
50 
nAdc 


Collector Cutoff Current 
(Vce = 30 vdc, vBe = 3.o vdc) 
'CEV 
— 
50 
nAdc 


ON CHARACTERlSnCSd) 


DC Current Gain 
(lC = 0.1 mAdc, Vce = 1-° Vdc) 


(lC = 1.0 mAdc,Vce = 10 Vdc) 


(IC = *0 mAdc.VCe = 10 Vdc) 


dC = 50 mAdc, Vce = 10 Vdc) 


dC = 100mAdc,Vce = 1° Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc,Ib = 10 mAdc) 
dC ° 50 mAdc,Ib = 5.0 mAdc) 


Base-Emitter Saturation Volt8ge 
dC = 10 mAdc, Ib = 1-0mAdc) 
(lC ° SO mAdc,Ib = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dc = 10mAdc Vce = 20Vdc, f = 100MHz) 


MOTOROLA SEMICONDUCTORS 


MM3905 
MM3906 


MM3905 
MM3906 


MM3905 
MM3906 


MM3905 
MM3906 


MM3905 
MM3906 


MM3905 
MM3906 


4-234 


hFE 


VcE(sat) 


VBE(sat) 


30 
60 


40 
80 


50 
100 


10 
15 


0.65 


200 
250 


150 
300 


0.25 
0.4 


0.85 
0.95 


Vdc 


Vdc 


MHz 


SMALL-SIGNAL DEVICES 


MM3905, MM3906 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Output Capacitance 
(Vcb = 5.0 Vdc, l£ = 0, f = 100 kHz) 
Cobo 
- 
5.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
10 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce ° 10 Vdc, f = 1.0 kHz) 
MM3905 
MM3906 


hie 
0.6 
2.0 
8.0 
12 


kohms 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MM3905 
MM3906 


hre 
0.1 X io-* 
1X10-4 
5X10-4 
10X10-4 


-~ 


Small-Signal Current Gain 
dC = 1.0 mAdc. Vce = 10 Vdc, f = 1.0 kHz) 
MM3905 
MM3906 


hfe 
50 
100 
200 
400 


— 


Output Admittance 
dC *» 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
MM3905 
MM3906 


hoe 
1.0 
3.0 
40 
60 


Mmhos 


Noise Figure 
dC = 100MAdc, Vce = 5.0 Vdc Rs = 1.0 k ohm, 
MM3905 
f = 10 Hz to 15.7 kHz) 
MM3906 


NF 


- 
5.0 
4.0 


dB 


SWITCHING CHARACTERiSTICS 


Delay Time 
(Vcc = 3.0 Vdc, VBE(off) = 0.5Vdc, 
lC = 10 mAdc, Ibi = 1.0 mAdc) 
td 


— 
35 
ns 


Rise Time 
tr 


— 
35 
ns 
Storage Time 
MM3905 
(Vcc = 3.0 Vdc, lc = 10 mAdc, 
MM3906 
Ifll = lB2 = 1-0 mAdc) 
MM3905 
MM3906 


ts 
— 
200 
225 
ns 


Fail Time 
tf 
— 
60 
75 


ns 


(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MM4000 
thru 
MM4003 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


PNP SIUCON 


Refer to 2N3494 for graphs for MM4000.* 


MAXIMUM RATINGS 


Rating 
Symbol 
MM4000 MM4001 MM4002 MM4C03 
UnH 


Collector-Emitter Voltage 
VCEO 
100 
150 
200 
250 
Vdc 


Collector-Base Voltage 
Vcbo 
100 
150 
200 
250 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
4.0 
4.0 
4.0 
Vdc 


Collector Current — 
Continuous 
ic 
100 
500 
500 
500 
mAdc 


Total Device Dissipation 
@ TA = 25'C 
Derate above 25°C 


pd 
0.6 
3.42 
1.0 
5.71 
1.0 
5.71 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation 
@ Tc = 25'C 
Derate above 25°C 


pd 
3.0 
17.2 
5.0 
28.6 
5.0 
28.6 
5.0 
28.6 


Watts 
mW/'C 


Operating and Storage 
Junction 
Temperature Range 


Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
V(BR)CEO 
Vdc 
dC = 10 mAdc, Ib = 0) 
MM4000 
100 
— 
MM4001 
150 
— 
MM4002 
200 
— 


MM4003 
250 
— 


Collector-Base Breakdown Voltage 
V(BR)CBO 
Vdc 
(lE = 0, lc = 100 MAdc) 
MM4000 
100 
— 
MM4001 
160 
— 


MM4002 
200 
— 


MM4003 
250 
— 


Emitter-Base Breakdown Voltage 
V(BR)EBO 
4.0 
— 
Vdc 
dE = 100 MAdc, lc = 0) 


Collector Cutoff Current 
'CBO 
MAdc 
(Vcb = so vdc, ie = oj 
MM4000 
— 
1.0 
(Vcb = 75 vdc ie = o) 
MM4001 
— 
1.0 
(Vcb = 150 vdc. ie = o» 
MM4002, MM4003 
— 
5.0 


ON CHARACTERISTICS 


DC Current Gain(l) 
(lC = 10 mAdc, Vce = 10 Vdc) 
hFE 
20 
— 
— 


Collector-Emitter Saturation Voltaged) 
(IC = 10 mAdc,lB = 1.0 mAdc) 
MM4000, MM4001 
MM4002, MM4003 


VCE(sat) 


- 
0.6 
5.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 20 Vdc. Ie = 0, f = 100 kHz) 
MM4000 
MM4001 
MM4002, MM4003 


cobo 


- 
6.0 
10 
20 


PF 


(1) Pulse Test: PW * 300 ft&. Duty Cycle * 2.0%. 
'Refer to 2N3634 for graphs for MM4001. 
Refer to 2N4930 for graphs for MM4002 and MM4003. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
MM4005 MM4006 MM4007 
UnH 


Collector-Emitter Voltage 
VCEO 
60 
80 
100 
Vdc 


Collector-Base Vottage 
Vcbo 
60 
80 
100 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation 
@ TA = 25'C 
Derate above 25'C 


pd 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation 
@ Tc = 25'C 
Derate above 25*C 


pd 
7.0 
40 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
25 
°CAV 


Thermal Resistance, Junction to Ambient 
RftJAd) 
175 
'CAV 


(1) Rqja is measured with the device soldered into a typical printed circuit board. 


MM4005 
thru 
MM4007 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERiSTICS (TA = 26'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC =» 10 mAdc, Ib = 0) 
MM4005 
MM4006 
MM4007 


V(BR)CEO 
60 
80 
100 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
MM4005 
MM4006 
MM4007 


V(BR)CBO 
60 
80 
100 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc Ie = o) 
(Vcb = 60 vdc ie = o) 
(Vcb = so vdc. ie = o) 


inror*. 


SSS 
sss 


'CBO 


- 


- 
100 
100 
100 


nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic - o) 
>EBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 mAdc. Vce = 10 Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 


hFE 
40 
50 


SO 
150 


- 


— 


Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VcE(sat) 
— 
0.1 
— 
Vdc 


Base-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.7 
— 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 10 Vdc. f = 20 MHz) 
fT 
50 
250 
— 
MHz 


Output Capacitance 
(Vcb " 10 Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 
— 
10 
— 
PF 


Input Capacitance 
| 
(VBe = 0.5 Vdc, lc ° 0,f = 1.0 MHz) 
Cibo 
— 
100 
— 
PF 


(2) Pulse Test: Pulse Width =s 300 ms, Duty Cycle «s 2.0%. 


SMALL-SIGNAL DEVICES 
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MM4036 
MM4037 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
MM4036 
MM4037 


VCEO 
65 
40 


Vdc 


Collector-Base Voltage 
MM4036 
MM4037 


Vcbo 
90 
60 


Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Base Current 
ib 
500 
mAdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ TA = 25'C 
Derate above 25*C 
pd 
1.0 
5.71 
Watt 
mW/'C 
Total Device Dissipation @ Tc = 25X 
Derate above 25'C 
pd 
7.0 
40 
Watts 
mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
25 
°CAV 


Thermal Resistance, Junction to Ambient 
RflJAd) 
175 
°CAV 


(1) Raja Is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA ° 25*C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, IB = 0) 
MM4036 
MM4037 


V(BR)CEO 
65 
40 


- 
- 


Vdc 


Collector-Base Breakdown Vottage 
(lC = 100 MAdc, Ie ° 0) 
MM4036 
dC = 10 MAdc, Ie = 0) 
MM4037 


V(BR)CBO 
90 
60 


- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 MAdc, lc = 0) 
MM4036 
(IE = 1.0 MAdc, lc ° 0) 
MM4037 


V(BR)EBO 
5.0 
5.0 


- 
- 
Vdc 


Collector Cutoff Current(l) 
(Vce = 60 Vdc, VBE(off) ° 1-5Vdc) 
MM4036 
(Vce = 30 Vdc,VBE(off) = 1-5Vdc,Tc = 150°C) 
MM4036 


'CEV 


- 
- 
250 
100 
nAdc 
MAdc 


Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) 
MM4036, MM4037 
•CBO 
— 
— 
250 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lC = 0) 
MM4036 
(VflE = 5.0 Vdc lC = 0) 
MM4037 


>EBO 


- 
- 
250 
1.0 


MAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 100 MAdc. Vce = 10 Vdc) 
MM4036 
dC = 150 mAdc,Vce = 2.0 Vdc) 
MM4036 
dC = 150 mAdc, VCe = 10 Vdc) 
MM4036 
(lC = 500 mAdc, Vce = 10 Vdc) 
MM4036 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
MM4037 
dC = 150 mAdc. Vce = 10 Vdc) 
MM4037 


hFE 
20 
20 
40 
20 
15 
50 


50 
60 
90 
40 
50 
75 


200 
140 


250 


Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, Ib = 15 mAdc) 
MM4036 
MM4037 


VCE(sat) 


- 
0.3 
0.3 
0.65 
1.4 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
vBE(sat) 
— 
1.0 
1.4 
Vdc 


MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 


SMALL-SIGNAL CHARACTERISTICS 


Min 
Typ 
Max 
UnH 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 
fT 
60 
100 
- 
MHz 


Input Capacitance 
(Vbe = 0.5 Vdc, lc ° 0. f = 1.0 MHz) 
MM4036, MM4037 
Cibo 
— 
60 
— 
pF 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
MM4036 
MM4037 


Ccb 


- 
20 
20 
30 


pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
IBI =15 mAdc) 
ton 
• 
- 
40 
75 
ns 


Turn-Off Time 
(Vcc = 6.0 Vdc. lc = 150 mAdc, 
IBI = 'B2 ° 15 mAdc) 
toff 
— 
110 
175 
ns 


(2) Pulse Test: Pulse Width =£ 300 ms, Duty Cycle =£ 2.0%. 
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MM4052 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


CHOPPER AND 
SWITCHING TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Emitter-Collector Voltage 
VECO 
30 
Vdc 


Collector-Base Vottage 
vcbo 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
30 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
0.5 
2.86 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.76 
10 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


Refer to 2N2944A for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
Vdc 


Emitter-Collector Breakdown Voltaged) 
(IE = 10 mAdc, Ib = 0) 
v(BR)ECO 
30 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie ° 0) 
v(BR)CBO 
30 
— 
Vdc 


Emitter-Base Breakdown Voltaged) 
(lE = 100 MAdc, lc = 0) 
V(BR)EBO 
30 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc. ie = o) 
>CBO 
— 
0.5 
nAdc 


Emitter Cutoff Current 
(Veb = i5Vddc = 0) 
lEBO 
0.5 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 10 mAdc,Vce ° 1° Vdc) 
dC = 150 mAdc, Vce = 10 Vdc) 
dC = 150mAdc.Vce = 1° Vdc) (Inverted) 


hFE 
20 
15 
3.0 


- 


Offset Voltage 
dB = 1.0 mAdc, Ie = 0) 
VEC(ofs) 
— 
2.0 
mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 10Vdc,Ie = 0.100 kHz « f < 1.0 MHz) 
Cobo 
— 
10 
PF 


Input Capacitance 
(Veb = 10Vdc,lc = 0.100 kHz * f < 1.0 MHz) 
cibo 
— 
5.0 
PF 


Small-Signal Current Gain 
dC = 10 mAdc, Vce = 1° Vdc, f = 1.0kHz) 
dC = 10 mAdc, Vce = 10 Vdc, f = 4.0 MHz) 


hfe 
20 
3.0 


- 


"ON" Series Resistance 
(lB = 10 mAdc,f = 1.0 kHz) 
rec 
— 
2.0 
Ohms 


(1) Pulse Test: Pulse Width * 300 ms. Duty Cycle « 20%. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
MM4208 MM4209 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
15 
Vdc 


Collector-Base Vottage 
Vcbo 
12 
15 
Vdc 
Emitter-Base Voltage 
vEBO 
4.5 
Vdc 


Collector Current — Continuous 
"c 
200 
mAdc 
Total Device Dissipation @ TA = 25°C 
Derate above 25'C 
pd 
0.36 
2.06 
Watt 
mW/'C 
Total Device Dissipation @ Tc - 25'C 
Derate above 25'C 
pd 
1.2 
6.86 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
'C 


ELECTRICAL CHARACTERISTICS(TA = 2S'Cunlessotherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MM4208 
MM4209 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Refer to MM4257 for graphs. 


Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltaged) 
dC = 3.0 mAdc, Ib = 0) 
MM4208 
MM4209 


v(BR)CEO 
12 
15 


- 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 100 MAdc, Vbe = 0) 
MM4208 
MM4209 


V(BR)CES 
12 
15 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, lE = 0) 
MM4208 
MM4209 


v(BR)CBO 
12 
15 


- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
V(BR)EBO 
4.5 
— 
- 
Vdc 


Collector Cutoff Current 
(Vce = 6.0 Vdc,Vbe = 0) 
MM4208 
(vCe = 8.0 vdc, vBe = o) 
MM4209 
(VCE = 6.0 Vdc VBe = 0, TA = 125°C) 
MM4208 
(VCe = 8.0 Vdc, VBe = 0, TA = 125°C) 
MM4209 


>CES 


- 


- 
10 
10 
5.0 
5.0 


nAdc 


MAdc 


Base Current 
(vCe = 6.0 vdc, Vbe = o) 
MM4208 
(Vce = 8.0 vdc, vBe = o) 
MM4209 


IB 


- 
- 
1.0 
1.0 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 0.5 Vdc) 


(lC = 10 mAdc, Vce = 10 Vdc) 


dC = 10 mAdc, Vce = 10 Vdc,TA = -56'C) 


(lC = 50 mAdc, Vce = 1-0Vdcl(l) 


Collector-EmitterSaturation Voltage 
dC = 1.0 mAdc, Ib = 0.1 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC - 50 mAdc, Ib = 5.0 mAdc)(1) 
dC = 1.0 mA, Ib = 0.1 mA) 
dC = 10 mA. Ib = 1.0 mA) 


SMALL-SIGNAL DEVICES 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4209 


MM4208 
MM4208 
MM4208, MM4209 
MM4209 
MM4209 
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hFE 


VCE(sat) 


15 
35 


30 
40 


12 
20 


30 
30 


100 
120 


0.13 
0.15 
0.6 
0.15 
0.18 


Vdc 


MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (TA= 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


Base-Emitter Saturation Voltage 
dC = 1.0 mAdc IB = 0.1 mAdc) 
dC = 10 mAdc. Ib = 1.0 mAdc) 
dC = 50 mAdc, Ifi = 5.0 mAdcKD 


VBE(sat) 


0.75 


- 
0.8 
.95 
1.5 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC ° 10 mAdc. Vce = 10 Vdc.f • 
100 MHz) 


Output Capacitance 
(VCB " 5.0 Vdc. Ie 
0. f = 140 kHz) 


Input Capacitance 
(VBe ° 0-5 Vdc ic 
0, f = 140 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Turn-Off Time 


(1) Pulse Test: Pulse Width <s 300 ms, Duty Cycle * 1.0%. 


MOTOROLA SEMICONDUCTORS 


MM4208 
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cobo 


Cjbo 


ton 


toff 


850 
700 
1300 
1200 


3.0 


3.5 


15 


25 


MHz 


PF 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MM4257 MM4258 
UnH 


Collector-Emitter Voltage 
Vceo 
6.0 
12 
Vdc 


Collector-Base Voltage 
vcbo 
6.0 
12 
Vdc 


Emitter-Base Voltage 
Vebo 
4.5 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ TA =• 25'C 
Derate above 25'C 
pd 
360 
2.06 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25'C 
Derate above 25*C 
pd 
1.2 
6.86 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MM4257 
MM4258 


CASE 22, STYLE 1 
TO-18 (TO-206AA) 


SWITCHING TRANSISTOR 


PNP SIUCON 


Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage!1) 
dC = 100 MAdc,Vbe = 0) 
MM4257 
MM4258 


V(BR)CES 
6.0 
12 


- 
- 
Vdc 


Collector-Emitter Sustaining Voltaged) 
(lC = 3.0 mAdc, Ib = 0) 
MM4257 
MM4258 


VCEO(sus) 
6.0 
12 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc. l£ = 0) 
MM4257 
MM4258 


V(BR)CBO 
6.0 
12 


- 
- 
Vdc 


Emitter-Base Breakdown Vottage 
«E " 100ftAdc.lc = 0) 
V(BR)EBO 
4.5 
— 
— 
Vdc 


Collector Cutoff Current 
(vCe = 6.o vdc, vBe = o> 
(VcE = 3.0 Vdc, Vbe = 0, Ta = +6S'C) 


Ices 


- 
- 
0.01 
5.0 


MAdc 


ON CHARACTERISTTCSd) 


DC Current Gain 
dC = 1.0 mAdc, Vce = 0.5 Vdc) 
dC = 10 mAdc. Vce = 0.3 Vdc) 
dC = 50 mAdc. Vce = 10 Vdc) 


hFE 
15 
30 
30 


- 
120 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib - 1.0 mAdc) 
dc = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 


- 
- 
0.15 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
dc = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.75 
- 
0.95 
1.5 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
MM4257 
dC = 10 mAdc, VCe = 10 Vdc, f = 100 MHz) 
MM4258 


fT 
500 
700 


- 
- 


MHz 


Input Capacitance 
(Vbe = 0.5 Vdc. IC = 0. f = 100 kHz) 
Cibo 
— 
— 
3.5 
PF 


Collector-Base Capacitance 
(Vcb = 6.0 Vdc, Ie = 0, f = 100 kHz) 
Ccb 
— 
— 
3.0 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (continued) (TA ° 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


SWITCHING CHARACTERISTICS 


Tum-On Time 
(VCc = 1-5 Vdc, vBe = o, 
lc = 10 mAdc, Ibi = 1.0 mAdc) 


ton 


— 
10 
15 
ns 


Delay Time 
td 
— 
5.0 
10 
ns 


Rise Time 
tr 


— 
5.0 
15 
ns 


Turn-Off Time 
MM4257 
(VCc =15 Vdc, 
MM4258 
lC = 10 mAdc, 
MM4257 
IBI = >B2 = 10 mAdc) 
MM4258 


MM4257 
MM4258 


toff 


_ 
12 
16 
15 
20 


ns 


Storage Time 
ts 
6.0 
8.0 
15 
20 


ns 


Fall Time 
tf 
— 
6.0 
8.0 
10 
10 
ns 


Storage Time 
dC - 10 mAdc, Ibi - 10 mAdc, Ib2 =" 10 mAdc) 
MM4257 
MM4258 


ts 


- 
- 
15 
20 


ns 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle <s2.0%. 
(2)fr is defined as the frequency at which |hfe| extrapolates to unity. 
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FIGURE 3 - 
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FIGURE 2 - 
CAPACITANCE 
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FIGURE 4 - 
TURN-OFF TIME 
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FIGURE 5 - 
SWITCHING TIME TEST CIRCUIT 


VinO- 


Zjn°50n 
tr< 1.0 ns 
tw ° 240 ns 


Vin 


Volts 
vbb 
Volts 
Vcc 
Volts 


Rl 


Ohms 


R2 


Ohms 


R3 


Ohms 
ic 
mA 
181 
mA 
>B2 
mA 


ton 
-5.8 
GND 
-1.5 
130 
2.2 k 
5k 
10 
1.0 
- 


toff 
+9.8 
-8.0 
-1.5 
130 
2.2 k 
5k 
10 
1.0 
1.0 


ts 
+9.0 
-10 
-3.0 
270 
510 
390 
10 
10 
10 


DC CURRENT GAIN 
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FIGURE 7-MM4258 
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MM5005 
MM5006 
MM5007 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


AUDIO TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MM5005 MM5006 MMS007 
UnH 
Collector-Emitter Voltage 
VCEO 
60 
80 
100 
Vdc 
Collector-Base Voltage 
vcbo 
80 
100 
120 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"C 
2.0 
Adc 
Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 


pd 
1.5 
8.57 
Watts 
mW/°C 


Total Device Dissipation 
@ Tc = 25'C 
Derate above 25°C 


pd 
8.0 
45.7 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 


. 


°C 


ELECTRICAL CHARACTERISTICS (Ta = 25'Cunlessotherwisenoted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, IB " 0) 
MM5005 
MM5006 
MM5007 


V(BR)CEO 
60 
80 
100 


— 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, l£ = 0) 
MM5005 
MM5006 
MM5007 


V(BR)CBO 
80 
100 
120 


- 


Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) 
MM5005 
(Vcb = 80 Vdc, IE =" 0) 
MM5006 
(Vcb = ioo vdc, Ie = o) 
mmsoo7 


•CBO 


- 
200 
200 
200 


nAdc 


Emitter Cutoff Current 
(Veb *> 4.o vdc, ic = o) 
>EBO 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC =. 1-0 mAdc. Vce " 10 Vdc) 
AllTypes 
(lC=' 150mAdc. Vce = 2.5Vdc) 
MM5005 
dC = 200 mAdc, Vce " 2-5Vdc) 
MM5006 
(lC = 250 mAdc. VCE = 2.5 Vdc) 
MM5007 


hFE 
40 
50 
50 
50 


250 
250 
250 
Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.5 
Vdc 


Base-Emitter On Voltage 
(lC = 150 mAdc, Vce = 2.5 Vdc) 
VBE(on) 
0.65 
0.8 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product(l) 
(«C = 60 mAdc. Vce = 10 Vdc, f = 20 MHz) 
*t 
30 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, IE " 0, f = 100 kHz) 
cobo 
— 
20 
pF 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Vatue 
UnH 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Emitter Voltage 
VCES 
60 
Vdc 


Collector-Base Voltage 
vcbo 
75 
Vdc 


Emitter-Base Vottage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
2.0 
Adc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25'C 
pd 
1.0 
5.71 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25 C 
pd 
4.0 
22.8 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
tJ. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
44 
°CAV 


Thermal Resistance, Junction to Ambient 
RfljAd) 
175 
•CAV 


MM5262 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


GENERAL PURPOSE TRANSISTOR 


NPN SILICON 


(1) Rjjja*s measured with the device soldered intoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 26°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown VoItage(2) 
dC = 10 mAdc,Ib = 0) 


Collector-Emitter Breakdown Voltage 
(lC = 1.0mAdc, VBE a 0) 


Collector-Base Breakdown Voltage 
(lc = 10MAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
dE ° 10 MAdc lc " 0) 


Collector Cutoff Current 
(Vcb = 75Vdc,lE " Q) 


Collector Cutoff Current 
(Vce ° co v<*c> Vbe ° Q) 


Emitter Cutoff Current 
(Vbe = s.0 vdc ic ° o> 


Symbol 


V(BR)CEO 


V(BR)CES 


V(BR)CB0 


V(BR)EB0 


'CBO 


ices 


>EB0 


Refer to 2N3724 for graphs. 


Min 
Typ 
Max 
UnH 


50 
Vdc 


60 
Vdc 


75 
Vdc 


5.0 
Vdc 


100 
MAdc 


10 
MAdc 


100 
MAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 100 mAdc, Vce = 10 Vdc) 
(lC = 500 mAdc. Vce = 10 Vdc) 
(IC= 1.0 Adc. Vce = 10 Vdc) 


hFE 
35 
40 
25 


100 
65 
35 


- 


Collector-Emitter Saturation Voltage 
dc = 1.0Adc, Ib = 100 mAdc) 
VCE(sat) 
— 
0.29 
0.8 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 Adc. Ib = 100 mAdc) 
VBE(sat) 
— 
0.S4 
1.4 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 50 mAdc, Vce " 10 Vdc, f = 100 MHz) 
fT 
— 
350 
— 
MHz 


Output Capacitance 
(Vcb = io vdc, iE = o, f = 1.0 mhz) 
C0bo 
— 
7.3 
— 
pF 


Input Capacitance 
(VBE = 0.5 Vdc, lc = 0, f = I.O MHz) 
Cibo 
— 
72 
— 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
km 


— 
16 
30 
ns 


Tum-Off Time 
toff 
- 
28 
60 
ns 


(2) Pulse Test: Pulse Width <s300 ms. Duty Cycle « 2.0%. 
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MM5415 
MM5416 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


TRANSISTOR 


PNP SIUCON 


Refer to 2N5415 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
MM5415 MM5416 
Unit 
Collector-Emitter Voltage 
VCEO 
200 
300 
Vdc 
Collector-Base Voltage 
vcbo 
200 
350 
Vdc 
Emitter-Base Vottage 
Vebo 
4.0 
7.0 
Vdc 


Base Current 
ib 
0.5 
Adc 


Collector Current — Continuous 
ic 
1.0 
Adc 
Total DeviceDissipation @ Ta - 25'C 
Derate above 25°C 
pd 
1.0 
6.7 
Watt 
W/°C 
Total Power Dissipation @ Tc = 50°C 
Linear Derating Factor 
pd 
10 
0.057 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
17.5 
'CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
150 
°CAV 


Symbol 
MIn 
Max 
UnH 


Collector-Emitter Sustaining Voltage 
dC = 10 mA. Ib = 0) 
MM5415 
MM5416 


VCEO(sus) 
200 
300 


- 
Vdc 


Collector Cutoff Current 
(Vce = 150 Vdc, Ib = 0) 
MM5415.MM5416 
'CEO 
— 
50 
MAdc 


Collector Cutoff Current 
(Vce = "5 Vdc Ie = 0) 
MM5415 
(Vce = 280 Vdc, Ie = 0) 
MM5416 


ICBO 


- 
50 
50 
MAdc 
MAdc 


Emitter Cutoff Current 
(Vbe = 4-0Vdc, lc = 0) 
MM5415 
(Vbe = 7.0 Vdc, lc 
=• 0) 
MM5416 


'EBO 


- 
20 
20 


MAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC = 60 mAdc, Vce = 10 Vdc) 
MM5415 
MM5416 


"FE 
30 
30 
150 
120 


— 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 5.0 mAdc) 
MM5415,MM5416 
VCE(sat) 
— 
2.5 
Vdc 


Base-Emitter On Voltage 
dC = 50 mAdc, Vce = 10 V) 
MM5415, MM5416 
VBE(on) 
1.5 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc,Vce = 10 Vdc,f = 5.0 MHz) 
fT 
15 
- 
MHz 


Output Capacitance 
(Vcb ° 10 Vdc, f = 1.0 MHz) 
Cobo 
— 
25 
pF 


Current Gain — High Frequency 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
Ihfel 
25 
— 
— 


Real Part of Input Impedance 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 MHz) 
Re(hie) 
— 
300 
Ohms 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


4-248 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
vcbo 
50 
Vdc 


Emitter-Base Voltage 
Vebo 
12 
Vdc 


Collector Current — Continuous 
ic 
300 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
pd 
375 
2.14 
mW 
W/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
1.25 
7.15 
Watts 
W/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
140 
•CAV 


Thermal Resistance, Junction to Ambient 
RflJA 
467 
•CAV 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


MM6427 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib ° 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc, Ie = 0) 
V(BR)CBO 
50 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
12 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so Vdc, Ie = o) 
>CBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = io vdc, ic = o) 
>EBO 
— 
100 
nAdc 


ON CHARACTERlSTICSd) 


DC Current Gain 
dC = 10 mAdc, Vce = 5.0 Vdc) 
dC = 100 mAdc, Vce = 5.0 Vdc) 


hFE 
5000 
10,000 


- 


^ 


Collector-Emitter Saturation Volt8ge 
dc = 100 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
dC = 100 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
Wcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
15 
pF 


Small-Signal Current Gain(1) 
dC = 10 mAdc, Vce = 5.0 Vdc f = 100 MHz) 
hfe 
1.25 
— 
— 


(1) Pulse Test: Pulse Width <s 300 fts. Duty Cycle « 2.0%. 
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CASE610A-04 
CASE 646 


Motorola's multiple (Duals and Quads) transistors have been 
implemented with discrete transistor chips that have proven to 
be the most popular for all-around performance at low cost. 
Packaging options include plastic and ceramic DIP's, ceramic 
flat pak, and various metal-can outlines. 


5-1 


Multiple 
Transistors 


2N2060,A 
2N2223.A 
2N2480.A 


2N2060 JAN, JTX, JTXV 
AVAILABLE 
CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MD2218 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
2N2060A 
2N2223A 
2N2480 
2N2480A 
Unh 


Collector-Emitter Voltage 
Vceo 
60 
40 
40 
Vdc 


Collector-Emitter Voltage 
VCER 
80 
— 
— 
Vdc 


Collector-Base Voltage 
vcbo 
100 
75 
80 
Vdc 


Emitter-Base Voltage 
vebo 
7.0 
5.0 
5.0 
Vdc 


Collector Current — Continuous 
"c 
500 
mAdc 


One Die 
All Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25'C 
2N2060.A 
2N2223.A 
2N2480.A 
Derate above 25°C 
2N2060.A 
2N2223.A 
2N2480.A 


pd 


0.5 
0.5 
0.3 


2.86 
2.86 
1.72 


0.6 
0.6 
0.6 


3.43 
3.43 
3.43 


mW 


mW/'C 


Total Device Dissipation 
@ Tc = 25°C 
2N2060.A 
2N2223.A 
2N2480.A 
Derate above 25°C 
2N2060.A 
2N2223.A 
2N2480.A 


PD 


1.5 
1.6 
1.0 


8.6 
9.1 
5.7 


3.0 
3.0 
2.0 


17.2 
11.4 
11.4 


Watts 


mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
"C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 100mAdc,Rbe « 10ohms) 
2N2060, 2N2060A, 2N2223, 2N2223A 
VCER(sus) 
80 
— 
Vdc 


Collector-Emitter Sustaining Voltaged) 
(lC = 20 mAdc, Ig = 0) 
2N2480 
2N2480A 


(lC = 30 mAdc,Ib = 0) 
2N2060, 2N2060A, 2N2223, 2N2223A 


VCEO(sus) 
40 
40 


60 


- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100MAdc, Ie = 0) 
2N2060, 2N2060A, 2N2223, 2N2223A 
2N2480* 
2N2480A* 


V(BR)CBO 
100 
75 
80 


- 


Vdc 


Emitter-Base Breakdown Vottage 
(lE = 100MAdc, ic = 0) 
2N2060, 2N2060A, 2N2223, 2N2223A 
2N2480, 2N2480A 


V(BR)EBO 
7.0 
5.0 


- 


Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc,Ie = 0, Ta = 150'C) 
2N2480, 2N2480A 


(Vcb = 60 Vdc, Ie = 0) 
2N2480 
2N2480A 


(Vcb = 8° vdc' *E = 0) 
2N2060, 2N2060A 
2N2223, 2N2223A 


(Vcb = so vdc, Ie = o, ta = isco 
2N2060.2N206OA 
2N2223, 2N2223A 


'CBO 


- 


15 


0.050 
0.020 


0.002 
0.010 


10 
15 


MAdc 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc> !C = 0) 
2N2060,2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 


>EBO 


— 
2.0 
10 
50 
20 


nAdc 


MOTOROLA SEMICONDUCTORS 
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2N2060.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unh 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 MAdc, Vce = 5.0 Vdc) 
2N2060, 2N2060A 
2N2223, 2N2223A 


(lC = 100 MAdc, Vce = 5.0 Vdc) 
2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 


dc = 1-0 mAdc, Vce = 5.0 Vdc) 
2N2060, 2N2060A 
2N2480 
2N2480A 


(lC = 10 mAdc, Vce = 5.0 Vdc) 
2N2060, 2N2060A 
2N2223, 2N2223A 


hFE 
25 
15 


30 
25 
20 
35 


40 
30 
50 


50 
50 


75 


90 
150 


120 
350 
200 


150 
200 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib ° 5.0 mAdc) 
2N2060A 
2N2060, 2N2223, 2N2223A, 2N2480A 
2N2480 


VcE(sat) 


- 


0.6 
1.2 
1.3 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 50 mAdc, Ib = 5.0 mAdc) 
2N2060, 2N2060A, 
2N2223, 2N2223A, 2N2480A 
2N2480 


VBE(sat) 


- 
0.9 
1.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc, 
2N2223, 2N2223A 
f = 20 MHz) 
2N2480, 2N2480A 
2N2060, 2N2060A 


fT 


50 
60 


- 


MHz 


Output Capacitance 
(vCb = 10 vdc, iE = o. f = i.o mhz) 
2N2060,2N206OA, 2N2223,2N2223A 
2N2480A 
2N2480 


Cobo 


- 


15 
18 
20 


PF 


Input Capacitance 
(VfiE = 0.5 Vdc, lC = 0, f = 1.0 MHz) 
2N2060, 2N2060A, 2N2223, 
2N2223A, 2N2480A 


Cibo 
— 
85 
pF 


Input Impedance 
«C = 1.0 mAdc, Vce = 5.0 Vdc, 
2N2060, 2N2060A 
f •= 1.0 kHz) 
2N2480A 


"ie 
1000 
1000 
4000 
5000 


ohms 


Input Impedance 
dC = 1.0 mAdc, Vcb = 5.0 Vdc, 
2N2060, 2N2060A, 2N2223, 
f - 
1.0 kHz) 
2N2223A 
2N2480A 


"ib 


20 
20 
30 
35 


ohms 


Voltage Feedback Ratio 
«C = 1.0 mAdc, Vcb = 5.0 Vdc, 
f = 1.0 kHz) 
2N2223. 2N2223A 


"rb 
—_ 
3.0 
X10-4 


Small-Signal Current Gain 
dC = 1-0 mAdc, Vce = 5.0 Vdc, 
2N2060, 2N2060A 
f = 1.0 kHz) 
2N2223, 2N2223A 
2N2480A 


hfe 
50 
40 
50 


150 
200 
300 


Output Admittance 
(lC = 1.0 mAdc, Vce = 5.0 Vdc, 
f => 1.0 kHz) 
2N2060, 2N2060A, 2N2480A 


hoe 
~~ 
16 
Mmhos 


Output Admittance 
(lC = 1.0 mAdc, Vcb = 5.0 Vdc, 
f = 1.0 kHz) 
2N2223, 2N2223A 


hob 


" 


0.5 
Mmhos 


Noise Figure 
(lC = 0.3 mAdc, Vce = 10 Vdc, 
RS = 510 il. 
1=1.0 kHz, BW = 1.0 Hz) 
2N2480, 2N2480A 
dC = 0.3 mAdc, Vce = 10 Vdc, 


NF 


- 
8.0 


dB 


SMALL-SIGNAL DEVICES 
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2N2060,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


RS = 510 n. 
f = 1.0 kHz, BW 
=• 200 Hz) 
2N2060, 2N2060A 
— 
8.0 
dC = 0.3 mAdc, Vce = 10 Vdc, 
RS = 1.0 Wl, 
f = 1.0 kHz, BW = 15.7 kHz)(2) 
— 
8.0 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 100 MAdc, Vce = 5.0 Vdc) 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 


2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N2480A 


2N2060, 2N2060A 
2N2480, 2N2480 


hFEl'hFE2 
0.9 
0.8 


0.9 
0.8 


1.0 
1.0 


1.0 
1.0 


Base-Emitter Vottage Differential 
dC = 100 MAdc,Vce = 5.0 Vdc) 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 


2N2060A 
2N2060, 2N2223A, 2N2480A 
2N2480 
2N2223 


2N2060, 2N2060A, 2N2480A 
2N2480 


|VBE1-VBE2l 


- 


3.0 
5.0 
10 
16 


5.0 
10 


mVdc 


Base-Emitter Voltage Differential Change Due to Temperature 
(lC = 100 MAdc,Vce = 5.0 Vdc, 
Ta = -SS-Cto +125*0 
2N2060A 
2N2060 
2N2223, 2N2223A 
2N2480, 2N2480A 


A(VBE1-VbE2) 
AT 


- 


5.0 
10 
25 
15 


tiVfC 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle * 2.0%. 
(2)Amplifier: 3.0 Db points at 25 Hz and 10 kHzwith a roll-off of 6.9 dB per octave. 
(3)The lowest hp£ reading is taken as hp£1 for this ratio. 


120 


100 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
2N2453 2N2453A 
Unh 


Collector-Emitter Voltage 
VCEO 
30 
50 
Vdc 


Collector-Base Voltage 
vcbo 
60 
80 
Vdc 


Emitter-Base Voltage 
Vebo 
7.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


One Die Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
200 
1.14 
300 
1.71 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 
pd 
600 
3.43 
1200 
6.86 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta " 25°C""'ess otherwise noted.) 


2N2453.A 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2920 for graphs. 


Characteristic 
Symbol 
Min 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
(lC = 10 mAdc, Ib = 0) 
2N2453 
2N2453A 


VCEO(sus) 
30 
50 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
2N2453 
2N2453A 


V(BR)CBO 
60 
80 


- 


Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 MAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb « 50 Vdc, Ie = 0) 
(Vcb = 50 Vdc. i£ = o, Ta = 150°C) 


>CBO 


- 
0.005 
10 


MAdc 


Emitter Cutoff Current 
(vBe = s.o vdc, ic = o) 
>EBO 
— 
0.002 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 10 MAdc, Vce = 5.0 Vdc) 
dC = 10 ftAdc. VCe = 5.0 Vdc, Ta = -55°C) 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
dC = 10 mAdc, Vce = 5.0 Vdc, Ta = -55'C) 


hFE 
80 
40 
150 
75 
600 


Collector-Emitter Saturation Voltage 
dC = 5.0 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 
— 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 5.0 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
(lC = 5.0 mAdc, Vce = 1° Vdc, f = 30 MHz) 
fT 
60 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 140 kHz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 140 kHz) 
Cibo 
— 
10 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hie 
5.0 
— 
kohms 


Input Impedance 
(lC = 1.0 mAdc. Vcb = 5.0 Vdc. f = 1.0 kHz) 
"ib 
20 
30 
Ohms 


SMALL-SIGNAL DEVICES 
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2N2453,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unh 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 5.0 Vdc,f = 1.0 kHz) 
hre 
6.0 
X10-4 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hrb 


__ 
5.0 
X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hfe 
150 
600 


— 


Output Admittance 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hoe 
5.0 
30 
Mmhos 


Output Admittance 
dC = 1.0 mAdc, Vcb = 5.0 Vdc,f = 1.0 kHz) 
hob 
0.2 
Mmho 


Noise Figure 
(lC = 10 MAdc, Vce = 5.0 Vdc, Rs = 10 kn, f = 1.0 kHz) 
NF 
7.0 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
(lC = 100 MAdc, Vce = 5.0 Vdc) 
2N2453A 
(lC = 1.0 mAdc, Vce = 5.0 Vdc) 
(lC = 1.0 mAdc, VCe = 5.0 Vdc,Ta = SS'C to + 125"C) 


hFEVhFE2 
0.90 
0.90 
0.85 


1.0 
1.0 
1.0 


Base-Emitter Vottage Differential 
dC = 10 MAdc, Vce = 50 Vdc) 
(lC = 1.0 mAdc, Vce = 5.0 Vdc) 


lvBE1-VBE2l 


- 
3.0 
5.0 


mVdc 


Base-Emitter Voltage Differential Gradient 
dC = 10 MAdc. Vce = 50 Vdc. TA = -55'C to + 125'C) 2N2453 
2N2453A 


A(Vbei-VBE2> 
ata 
- 
10 
5.0 


mV/°c 


(1) Pulse Test: Pulse Width « 300 fts. Duty Cycle * 2.0%. 
(2)Lowest hpE reading is taken as hpE1 for this ratio. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 
Collector-Emitter Vottage 
VCEO 
45 
Vdc 
Collector-Base Vottage 
Vcbo 
45 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
30 
mAdc 


One Die 
Both Die 
Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
pd 
300 
1.72 
600 
3.43 
mW 
mW/'C 
Total DeviceDissipation@ Tc = 25°C 
Derate above 25°C 
pd 
600 
3.43 
1200 
6.87 
mW 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2639 
thru 
2N2644 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2913 for graphs. 


Symbol 
MIn 
Max 
Unh 


Collector-Emitter Sustaining Voltaged) 
(lC = 10 mAdc, Ib = 0) 
VCEO(sus) 
45 
- 
Vdc 


Collector Cutoff Current 
(Vce = 5.0 vdc, Ib = o) 
'CEO 
— 
0.010 
MAdc 


Collector Cutoff Current 
(vCb = <5vdc, Ie = o) 
(Vcb = 45 vdc, ie = o, ta = +i5o°o 


'CBO 


- 
0.010 
10 


MAdc 


Emitter Cutoff Current 
(Veb = 5.o vdc, ic = o) 
>EBO 
— 
0.010 
MAdc 


ON CHARACTERlSTlCSd) 


DC Current Gain 
(lC => 10 MAdc, Vce = 5.0 Vdc) 
2N2639,2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


dC = 10 MAdc,Vce = 5.0 Vdc, Ta = -55'C) 
2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


dC = 100 MAdc,Vce = 5.0 Vdc) 
2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 
2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 


hFE 
50 
100 


10 
20 


55 
110 


65 
130 


300 
300 


Collector-Emitter Saturation Vottage 
dC = 10 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 
— 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 
0.6 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 20 MHz) 
fT 
40 
- 
MHz 


Output Capacitance 
(Vcb = 5.o vdc, ie = o, f = 1.0 mhz) 
Cobo 
— 
8.0 
PF 


Input Impedance 
dC = 1.0mAdc,Vcb = 5.0Vdc, f = 1.0kHz, l£ = -1.0 mA) 
hjD 
25 
32 
ohms 


Voltage Feedback Ratio 
dC = 1.0mAdc, VCb = 5.0Vdc, f = 1.0kHz, Ie = -1.0 mA) 
hrb 
— 
600 
X10-6 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-7 


2N2639 thru 2N2644 


ELECTRICAL CHARACTERISTICS (continued)(Ta ° 25'Cunless otherwise noted.) 


Characteristic 


Small-Signal Current Gain 
(IC = 10 mAdc, Vcb = 5-0Vdc, f = 1.0kHz) 
2N2639, 2N2640, 2N2641 
2N2642. 2N2643, 2N2644 


Output Admittance 
dC = 1.0mAdc, Vcb " 5.0Vdc. f - 1.0kHz, Ie = -1-0 mA) 


Noise Figure 
dC = 10 MAdc. Vcb = 5.0 Vdc, 
RS ° 10 kn. Bandwidth = 10 Hzto IS kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dC = 10 MAdc, Vce = 5-0Vdc) 


Base-Emitter Vottage Differential 
dC = 10 MAdc, Vce = 5.0 Vdc) 


2N2639, 2N2642 
2N2640, 2N2643 


2N2639, 2N2642 
2N2640, 2N2643 


Base-Emitter Voltage Differential Gradient 
dC = 10 MAdc, Vce = 5.0Vdc,Ta = -55 to +125°C) 
2N2639, 2N2642 
2N2640, 2N2643 


(1)Pulse Test: Pulse Width =s 300 fts. Duty Cycle « 2.0%. 
(2)The lowesthc£ reading is taken as hpE1for this test 


MOTOROLA SEMICONDUCTORS 


5-8 


Symbol 


hfe 


h0b 


NF 


hFEl/"FE2 


[VBE1-VBE2l 


MVBE1-VBE2) 
ATA 


Min 


65 
130 


0.9 
0.8 


Max 


600 
600 


1.0 


4.0 


1.0 
1.0 


5.0 
10 


10 
20 


Unh 


Mmhos 


dB 


mVdc 


nvrc 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 
Collector-EmitterVoltage 
VCEO 
60 
Vdc 
Collector-Base Voltage 
vcbo 
100 
Vdc 
Emitter-Base Voltage 
Vebo 
7.0 
Vdc 
Collector Current — Continuous 
ic 
500 
mAdc 


One Die 
Both Die 
TotalDevice Dissipation @Ta = 25°C 
Derate above 25°C 
pd 
0.3 
1.72 
0.6 
3.43 
Watt 
mW/'C 
TotalDevice Dissipation @Tc = 25'C 
Derate above 25'C 
pd 
1.0 
5.7 
2.0 
11.4 
Watts 
mW/'C 
Operating and Storage Junction. 
Temperature Range 
TJ.Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA ° 25'C unless otherwise noted.) 


" 
Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltaged) dc =• 20mAdc, Ib = 0) 
Collector-Base Breakdown Voltage dc = 100MAdc, Ie = 0) 
Emitter-Base Breakdown Voltage (Ie = 100MAdc, lc ° 0) 
Collector Cutoff Current (Vcb = 50Vdc, Ie = 0) 
(VCB = SO Vdc, Ie = 0,Ta = 150°C) 
Emitter Cutoff Current 
(Vbe " 5.0Vdc, lc = 0) 


ON CHARACTERISTICS 


DC CurrentGain (lc = 100MAdc, Vce = 5.0Vdc) 
dC = 1.0 mAdc,Vce = 5.0 Vdc) 
dC ° 1.0mAdc, Vce " 6.0Vdc, Ta = -55°C) 
Collector-Emitter Saturation Vottage dc = 50mAdc, Ib = 5.0mAdc) 
Base-Emitter Saturation Voltage dc = 50 mAdc, Ib = 5.0mAdc) 


SMALL-SIGNAL CHARACTERiSTICS 


2N2652 


Current-Gain —Bandwidth Product dc = 50mAdc, Vce " 10Vdc, f = 20MHz) 
OutputCapacitance (Vcb ° 10Vdc. Ie •= 0,f = 1.0MHz) 
InputCapacitance 
(Vbe ° 0» 0-6Vdc, lc = 0, f = 1.0MHz) 
InputImpedance dc = 1-0 mAdc, Vce " 5.0Vdc, f = 1.0kHz) 


Input Impedance dc = 1.0mAdc, Vcb " 5.0Vdc, f ° 1.0kHz) 
Small-Signal Current Gain 
dc ° 1.0mAdc, Vce = 5.0Vdc, f = 1.0kHz) 
OutputAdmittance dc = 1.0mAdc. Vce a 5.0Vdc, f = 1.0kHz) 


Noise Figure 
He = 03 mAdc, Vce " 10Vdc, Rs = 610ohms, B.W. = 1.0Hz, f = 1.0kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dc = 100MAdc, Vce = 5-0Vdc) 
___ 
dc = 1.0mAdc, Vce = 5.0Vdc) 
Base-Emitter Vottage Differential dc = 100 MAdc, Vce = 5-0 Vdc) 
(lC = 1.0mAdc, Vce ° 5.0Vdc) 
Base-Emitter Voltage Differential Gradient 
dC ° 100MAdc, Vce = 5.0Vdc, Ta = -55 to +125'C) 


2N2652 
2N2652 


(1) PulseTest:PulseWidth * 300ms. Duty Cycle « 2.0%. 
(2) The lowest ofthetwohpE readings istaken as hpEl for thepurpose ofmeasurement 


SMALL-SIGNAL DEVICES 


5-9 


2N2652,A 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2060A for graphs. 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'CBO 


>EBO 


hFE 


VCE(sat) 


VBE(sat) 


C0bo 


Cibc 


hib 


hfe 


NF 


hFEl/hFE2 


lvBE1-VBE2l 


A(VBE1-VBE2) 
ATA 


MIn 


60 


100 


7.0 


35 
50 
15 


60 


1.0 


20 


50 


0.85 
0.85 


Max 


0.010 
15 


0.010 


200 


1.2 


0.9 


15 


85 


10.5 


35 


300 


50 


8.0 


1.0 
1.0 


3.0 
3.0 


10 


Unh 


Vdc 


Vdc 


Vdc 


MAdc 


MAdc 


Vdc 


Vdc 


MHz 


pF 


PF 


kohms 


ohms 


Mmhos 


dB 


mVdc 


MWC 


MOTOROLA SEMICONDUCTORS 


2N2720 
2N2721 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
Vcbo 
80 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
40 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.3 
1.71 
0.6 
3.4 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
0.6 
3.4 
1.2 
6.8 
Watt 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Refer to 2N2060 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25'Cunlessotherwisenoted.) 
Symbol 
| 
Min 
| 
Max 
| 
Unh 
| 
Characteristic 


OFF CHARACTERISTICS 
Collector-EmitterBreakdown Voltaged) 
dc = 10 mAdc. Ib ° ' 
Collector Cutoff Current (Vce " 5.0Vdc, Ib ° 0) 


CollectorCutoffCurrent (Vcb = 5° Vdc,l£ = 0) 
(Vcb = so Vdc,Ie = 0Ja° 15Q°c) 
EmitterCutoffCurrent (Veb = 5-0Vdc,lc = 0) 
ON CHARACTERISTICS 


DC CurrentGain dc = 100MAdc, VCe = 5.0Vdc) 
dC = 1.0mAdc, Vce = 5.0Vdc) 
(lc = 10 mAdc,Vce ° 5.0Vdc) 
Collector-Emitter SaturationVoltage dc = 10 mAdc, Ib ° 1-0mAdc) 
Base-Emitter SaturationVoltage dc ° 10 mAdc, Ib° 1.0mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain —Bandwidth Product dc = 10mAdc, Vce = 10vdc.f = 20MHz) 
Output Capacitance (Vcb " 5.0Vdc, Ig « 0.f = 1.0MHz) 
Input Impedance 
(Ie ° 10 mAdc, Vcb " 5.0Vdc, f = 1.0 kHz) 


5.0 Vdc, f = 1.0 kHz) 
VoltageFeedback Ratio (Ie = 10 mAdc,Vcb 
Small-Signal Current Gain dc = 10 mAdc. Vce " 5.0 Vdc, f = 1.0 kHz) 
Output Admittance 
He = 1.0mAdc, Vcb = 5.0Vdc, f ° 1.0 kHz) 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dC = 100MAdc, Vce = 5.0Vdc) 


Base-Emitter Voltage Differential 
dC = 100MAdc, Vce = 5.0Vdc) 


2N2720 
2N2721 


2N2720 
2N2721 


Base-EmitterVoltage DifferentialChange Due to Temperature 
(Ir = 100MAdc, Vce = 5.0Vdc,Ta = -55 to +25'C) 
2N2720 
2N2721 


(Ir = 100MAdc, Vce = 5.0 Vdc,Ta = +25 to +125'C) 2N2720 
u 
2N2721 


(1)Pulse Test: Pulse Width « 300 its. DutyCycle<s 2.0%. 
(2) Thelower ofthetwohpE readings istaken as hpE1 forthe purpose ofmeasurement. 


MOTOROLA SEMICONDUCTORS 


5-10 


V(BR)CEO 


'CEO 


ICBO 


>EBO 


hFE 


VCE(sat) 


VBE(sat) 


C0bo 


hib 


hrb 


hfe 


hob 


hFEimFE2 


|VbE1-vBE2I 


A(VBE1-VbE2> 


60 


30 
35 
42 


0.65 


80 


25 


30 


0.9 
0.8 


10 


0.01 
10 


10 


120 


1.0 


0.85 


6.0 


32 


500 


200 


1.0 


1.0 
1.0 


5.0 
10 


0.8 
1.6 


1.0 
2.0 


Vdc 


nAdc 


MAdc 


nAdc 


Vdc 


Vdc 


MHz 


pF 


ohms 


X10-6 


Mmhos 


mVdc 


mV 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
Vcbo 
45 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
40 
mAdc 


One Die 
Both Die 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.3 
1.7 
0.6 
3.4 
Watt 
mW/'C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25X 
pd 
0.6 
3.4 
1.2 
6.8 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
tJ. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2722 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2920 for graphs. 


Symbol 
Min 
Max 
Unh 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
45 
Vdc 
Collector-Base BreakdownVoltage 
dc - 10 MAdc, Ie = 0) 
V(BR)CBO 
45 
— 
Vdc 
CollectorCutoff Current (Vce = 5.0 Vdc, Ib = 0) 
"CEO 
— 
2.0 
nAdc 
CollectorCutoff Current (Vcb = 30 Vdc, Ie = 0) 
(VCb = 30 Vdc, t£ = 0, TA = 150°C) 
>CBO 
z 
0.001 
1.0 
MAdc 


Emitter Cutoff Current 
(Veb = 5.0 Vdc, lc = 0) 
'EBO 
— 
1.0 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain He = 1.0 MAdc,Vce = 5.0 Vdc) 
dC = 10 MAdc,Vce = 5.0 Vdc) 
dC = 0.1 mAdc, Vce = 5.0 Vdc) 


hFE 
50 
100 
125 


250 
— 


Collector-Emitter SaturationVoltage 
dc = 10 mAdc, Ib = 0.5 mAdc) 
VCE(sat) 


— 
1.0 
Vdc 
Base-Emitter SaturationVoltage 
(lc - 10 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 
0.65 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — BandwidthProduct dc = 10 mAdc,Vce = 10Vdc, f = 20 MHz) 
fT 
100 
MHz 
Output Capacitance (Vcb = 5.0 Vdc, l£ = 0, f = 1.0 MHz) 
C0bo 


— 
6.0 
PF 
Input Impedance 
(l£ = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hib 
25 
32 
ohms 
Voltage FeedbackRatio (Ie = 1.0 mAdc, Vcb = 5.0Vdc, f = 1.0 kHz) 
hrb 


— 
600 
X10-6 
Small-SignalCurrentGain (hr = 0.1 mAdc, Vce = 5.0Vdc, f = 1.0kHz) 
hfe 
100 
700 
Output Admittance 
(Ie = 1.0 mAdc, Vcb = 5.0Vdc, f = 1.0 kHz) 
hob 


— 
1.0 
Mmhos 
Noise Figure 
dc = 10 MAdc, Vce = 5.0Vdc. Rs = 10 kn, f = 10 Hzto 15.7kHz) 
NF 
— 
4.0 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dC = 1-0 MAdc,Vce = 5-0 Vdc) 
hFEl'hFE2 
0.9 
1.0 
- 


Base-Emitter Voltage Differential 
(lC = 10 MAdc,VCe = 6.0 Vdc) 
|VBE1-VBE2l 
— 
5.0 
mVdc 


Base-Emitter Voltage Differential Change Due to Temperature 
dC = 10 MAdc, Vce = 5.0 Vdc, Ta = -55 to +25°C) 
dC = 10 MAdc,Vce = 5.0 Vdc, Ta = +25 to +125°C) 


A(VBE1-VbE2> 


- 
0.8 
1.0 


mVdc 


(1)Pulse Test: Pulse Width *s300 ms. Duty Cycle <s 2.0%. 
(2)The lowerof the two hp£ readings is taken as hc£l for the purpose of measurement. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-11 


2N2723 


CASE 20-23, STYLE 8 
TO-72 (TO-206AF) 


DARLINGTON TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Vottage 
(Base 1 and Base 2 open) 
VCE20 
60 
Vdc 


Collector-Base Voltage 
VCB1 
80 
Vdc 


Emitter-Base Voltage 
VE2B1 
12 
Vdc 


Collector Current — Continuous 
ic 
40 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
PD 
0.5 
2.9 
Watt 
mW/'C 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
1.8 
10.5 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj-Tstg 
-65 to +200 
•c 


Refer to 2N9S8 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 
U 
Characteristic 
Symbol 
MIn 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(IC= 10 mAdc, Ibi = 0) 
V(BR)CE20 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, lE2 = 0) 
V(BR)CB10 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE2 = 10 MAdc, lc = 0) 
V(BR)E2B10 
12 
— 
Vdc 


Collector Cutoff Current 
(VCB1 = 60 Vdc. Ie = 0) 
(VCB1 = 60 Vdc, Ie = 0, Ta = 150'C) 


'CB10 


- 
0.01 
10 


MAdc 


Emitter Cutoff Current 
(VB1E2 = 10Vdc,lc = 0) 
'E2B10 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, VcE2 = 5.0 Vdc, Ib2 = 0) 
hFE 
2000 
10,000 


" 
Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ibi = 1.0mAdc) 
VCE2(sat) 
— 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc,Ibi = 1.0 mAdc) 
VBE2(sat) 
— 
1.7 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB1 = 10 Vdc. IE2 " 0. * 
140 kHz) 


Small-Signal Current Gain 
(IC = 10 mAdc. VcE2 " 5.0Vdc. f = 1.0kHz) 


Current Gain — Bandwidth Product 
(Each Unit) 
(lC ° 10mAdc, VcE1 or VCE2 ° 10Vdc, f ° 20MHz) 


Noise Figure (Input Stage Only) 
dC= SO MAdc, VcE " 5.0Vdc, Rs = 3.0kohms, f = 1.0kHz, BW = 100 Hz) 


(1) Pulse Test: Pulse Width < 12 ms. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 


5-12 


C0b1o 


hfe 


Ihfe 


NF 


10 
PF 


1500 
15,000 


5.0 


10 
dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
(Base 1 and Base 2 open) 
VcE20 
40 
Vdc 


Collector-Base Voltage 
VCB10 
60 
Vdc 


Emitter-Base Voltage 
(Pin 4 to Pin 2) 
VE2B10 
15 
7.5 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25 C 
PD 
0.5 
2.9 
Watt 
mW/'C 


Total Device Dissipation @ Tc - 25'C 
Derate above 25'C 
pd 
1.8 
10.5 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


2N2785 


CASE 22-03, STYLE 8 
TO-72 (TO-206AF) 


DARUNGTON TRANSISTOR 


NPN SIUCON 


Refer to 2N998 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 
| 
Characteristic 
Symbol 
Min 
Max 
Unh 
I 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 20 mAdc, Ibi = 0) 
V(BR)CE020 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, l£2 = 0) 
V(BR)CB010 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
0E2 = 100 MAdc, lc = 0) 
V(BR)E2B010 
15 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 vdc, Ib = o) 
'CEO 
— 
500 
nAdc 


Collector Cutoff Current 
(Vcbi = 30 Vdc. Ie = 0) 
(VCB1 = 30 Vdc, Ie = 0, Ta = 150'C) 


'CBO 


- 
0.05 
10 


MAdc 


Emitter Cutoff Current 
IVE2B1 ° 5.0 Vdc, lc = 0) 
>EBO 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 1.0 mAdc, VcE2 = 4.0 Vdc) 
dC = 10 mAdc, VcE2 = 5.0 Vdc) 
Oc = 100 mAdc, VcE2 = 5.0 Vdc) 


hFE 
600 
1200 
2000 
20,000 
Collector-Emitter Saturation Voltage 
dC = 15 mAdc, Ibi = 3-0 mAdc) 
VCE(sat) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcbi = 10 Vdc, l£2 = 0, f = 1.0 MHz) 
Coblo 
— 
30 
PF 


Input Impedance 
dC = 1.0 mAdc, Vcbi = 5.0 Vdc, f = 1.0 kHz) 
hjb 
30 
80 
Ohms 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce2 = 5.0 Vdc, f = 1.0 kHz) 
hrb 
— 
10 
X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, VCE2 = 5.0 Vdc, f = 1.0 kHz) 
hfe 
600 
— 
— 


Current Gain — High Frequency 
dC = 1.0 mAdc, Vce2 = 5.0 Vdc, f =» 10 MHz) 
Ihfel 
1.0 
— 
— 


Output Admittance 
dC = 1.0 mAdc, VCB1 = 5.0 Vdc, f = 1.0 kHz) 
hob 
— 
0.5 
Mmhos 


(1) Pulse Test: Pulse Width =s 300 ms. Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-13 


2N2903 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2920 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
7.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
200 
1.14 
300 
1.71 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.6 
3.43 
1.2 
6.86 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
X 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unh 
\ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
dc - 10 mAdc, Ib = 0) 
VcEO(sus) 
30 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 MAdc,Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
He = 0.1 MAdc, lc = 0) 
V(BR)EBO 
7.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie - 0) 
(Vcb = 50 vdc. Ie = o, ta = 150-c) 
"CBO 
0.01 
15 
MAdc 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc, lc = 0) 
>EBO 
— 
0.01 
MAdc 


ON CHARACTERiSTICS 


DCCurrent Gain 
dc = 10 MAdc,Vce = 5.0 Vdc) 
(lC = 10 MAdc, Vce = 5.0 Vdc, TA = -55'C) 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
(lC = 1.0 mAdc, Vce = 5.0 Vdc, TA = -55°C) 


hFE 
60 
25 
125 
60 
625 


Collector-Emitter Saturation Voltage 
He = 5.0 mAdc, Ib = 0.5 mAdc) 
vCE(sat) 


— 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
dc = 5.0 mAdc, Ib = 0.5 mAdc) 
VBE(sat) 


— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 5.0 mAdc, Vce = 1° Vdc, f = 30 MHz) 
fT 
60 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc, Ie = 0, f = 140 kHz) 
Cobo 


— 
8.0 
PF 


Input Capacitance 
(Vbe = 0.6 Vdc, lc = 0, f = 140 kHz) 
Cibo 
— 
10 
PF 


Input Impedance 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hie 
1.0 
— 
kohm 


Input Impedance 
dc = 1-0 mAdc, Vcb - 5.0 Vdc, f = 1.0 kHz) 
hib 
20 
30 
ohms 


Voltage Feedback Ratio 
dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
"re 
— 
6.0 
X10-4 


Voltage Feedback Ratio 
dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hrb 
— 
5.0 
xio-4 


Small-Signal Current Gain 
dc = 10 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hfe 
150 
600 
— 


Output Admittance 
dc = 1-0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hoe 
5.0 
30 
Mmhos 


Output Admittance 
(lc = 1-0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hob 
— 
0.2 
Mmho 


Noise Figure 
dc = 10 MAdc, Vce = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz) 
NF 
— 
7.0 
dB 


MATCHING CHARACTERISTICS 


DCCurrent Gain Ratio(2) 
dc = 1-0 mAdc, Vce = 5.0 Vdc) 
hFEl/hFE2 
0.8 
1.0 
— 


Base-Emitter Voltage Differential dc = 10 MAdc, Vce = 5.0 Vdc) 
iVBE1~VBE2l 
— 
10 
mVdc 


Base-Emitter Voltage Differential Gradient 
dC = 10 MAdc, Vce = 5.0 Vdc,Ta = -55'C to +125'C) 
A(VBE1-VbE2> 
ATA 


— 
20 
ttvrc 


(1) Pulse Test: Pulse Width * 300 fts. Duty Cycle * 2.0%. 
(2)Lowest hpE reading is taken as hp£1 for this ratio. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 


2N2913 
thru 
2N2918 
2N2919 
2N2920 
Unh 


Collector-Emitter Voltage 
Vceo 
45 
60 
Vdc 


Collector-Base Voltage 
vcbo 
45 
60 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
"C 
30 
mAdc 


One Die 
Both Die 


Total Device Dissipation 
@Ta = 25°C. 
Derate above 25*C 


pd 
300 
1.7 
500 
2.86 


mW 
mW/'C 


Total Device Dissipation 
@ Tc = 25'C 
Derate above 25°C 


pd 
750 
4.3 
1500 
8.6 


mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
'C 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


2N2913 
thru 
2N2920 


JAN, JTX, JTXV, JANS AVAILABLE 
CASE 654-07, STYLE 1 


DUAL 
AMPUFIER TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
| 
Max 
| 
Unh 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10mAdc, Ib = 0) 
2N2913 thru 18, 
2N2919, 2N2920 


V(BR)CEO(sus) 
45 
60 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
2N2913 thru 18, 
2N2919, 2N2920 


V(BR)CBO 
45 
60 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 5.o vdc, Ib = o) 
'CEO 
— 
— 
0.002 
MAdc 


Collector Cutoff Current 
(Vcb = 45Vdc,Ie = 0) 
2N2913 thru 18, 
2N2919, 2N2920 


(VCb = 45 Vdc,Ie = O, Ta = 150°C) 
AllTypes 


ICBO 


- 
- 


0.010 
0.002 


10 


MAdc 


Emitter Cutoff Current 
(Veb = 5.o vdc, ic = o) 
•ebo 
— 
— 
0.002 
MAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
(lC = 10 MAdc, Vce = 5.0 Vdc) 
2N2913,15,17,19, 
2N2914,16,18,20 


(lC= 10MAdc, Vce = 5.0Vdc,TA = -55'C) 
2N2913,15,17,19, 
2N2914,16,18, 
2N2920 


dC = 100MAdc, Vce = 5.0 Vdc) 
2N2913.15.17.19, 
2N2914.16.18.20 


dC = 1.0 mAdc, VCe = 5.0 Vdc) 
2N2913,15,17.19, 
2N2914,16,18,20 


hFE 
60 
150 


15 
30 
40 


100 
225 


150 
300 


- 


240 
600 


Collector-Emitter Saturation Voltage 
(lC = 1.0 mAdc, Ib = 0.1 mAdc) 
VcE(sat) 
— 
— 
0.35 
Vdc 


Base-Emitter On Voltage 
dC = 100 MAdc. VCe = 5.0 Vdc) 
VBE(on) 
— 
— 
0.7 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc, VCe = 5.0 Vdc, f = 20 MHz) 
fT 
60 
— 
— 
MHz 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N2913 thru 2N2920 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 
Output Capacitance 
(Vcb = 5.0 Vdc. Ie = 0. f = 140 kHz) 
C0bo 
— 
4.0 
6.0 
PF 


Input Impedance 
(lC = 1.0 mAdc, Vcb " 5.0 Vdc, f = 1.0 kHz) 
hib 
25 
28 
32 
ohms 


Output Admittance 
dC = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 
hob 
— 
— 
1.0 
Mmhos 


Noise Rgure 
dC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kn, 
2N2914.16.18.20, 
f = 1.0 kHz, BW = 200 Hz) 
2N2913.15.17.19 


dC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kn, 
2N2914.16.18.20, 
f = 10 Hz to 15.7 kHz. BW = 10 kHz) 
2N2913.15.17.19 


NF 


— 
2.0 
3.0 


2.0 
3.0 


3.0 
4.0 


3.0 
4.0 


dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
(lC = 100 MAdc, Vce = 5.0 Vdc) 
2N2917.18, 
2N2915,16,19,20 


hFEl/hFE2 
0.8 
0.9 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 10 MAdcto 1.0 mAdc, Vce = 5.0 Vdc) 
2N2917.18, 
2N2915,16,19,20 


(lC = 100 MAdc, Vce = 5.0 Vdc) 
2N2917.18, 
2N2915,16,19,20 


|VBE1-VBE2l 


_ 
__ 


10 
5.0 


5.0 
3.0 


mVdc 


Base-Emitter Voltage Differential Change Due to Temperature 
dC = 100 MAdc,Vce = 6.0 Vdc, 
Ta = -55X10 +25°C) 
2N2917.18, 
2N2915,16,19,20 


dC = 100MAdc,Vce " 50Vdc, 
2N2917.18 
Ta= + 25'C to +125°C) 
2N2915,16,19,20 


A(Vbei-VBE2> 


- 


- 
1.6 
0.8 


2.0 
1.0 


mVdc 


(1) Pulse Test: Pulse Width <s300 fts, Duty Cycle * 2.0%. 
(2)The lowest hpE reading is taken as hpE1 for this ratio. 
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FIGURE 2 — DC CURRENT CAIN vmus COLLECTOR CURRENT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
vcbo 
45 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
30 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta - 
25°C 
Derate above 25°C 
pd 
250 
1.67 
350 
2.33 
mW 
mwrc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.7 
4.67 
1.4 
9.33 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Characteristic 


2N3043 
thru 
2N3048 


CASE 610A-04, STYLE 1 


DUAL 
AMPURER TRANSISTOR 


NPN StUCON 


Symbol 
Min 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
V(BR)CEO 
45 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 45 vdc, Ie ° o) 
(Vcb = 45 vdc, Ie = o, ta = +iso'C) 


"CBO 


- 
0.010 
10 


MAdc 


Emitter Cutoff Current 
(Veb = 40 vdc. ic = o) 
'EBO 
— 
0.010 
MAdc 


ON CHARACTERiSTICS 


DC Current Gaind) 
dC = 10MAdc, Vce = 5.0Vdc) 
2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


dC = 1.0mAdc, Vce = 5.0Vdc) 
2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


hFE 
100 
so 


130 
65 


300 
200 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 0.5 mAdc) 
VcE(sat) 
— 
1.0 
Vdc 


Base-Emitter On Voltage 
(lC = 10 mAdc, Vce = 5.0 Vdc) 
vbe 
0.6 
0.8 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 1.0 mAdc, Vce = 5.0 Vdc, f = 20 MHz) 
fT 
30 
— 
MHz 


Output Capacitance 
(Vcb = 5-0 Vdc, l£ = 0, f = 1.0 MHz) 
C0bo 
— 
8.0 
PF 


Input Impedance 
(lC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


nie 
3.2k 
1.6k 
19k 
13k 


Ohms 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 


hfe 
130 
65 
600 
400 


" 


Output Admittance 
(lC = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 
hoe 


- 
100 
70 


Mmhos 


Noise Figure 
dC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kohms, Bandwidth = 10 Hz to 15.7 kHz) 
NF 
— 
5.0 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3043 thru 2N3048 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'C unless otherwise noted.) 


Characteristic 


MATCHING CHARACTERISTICS 
Symbol 
Min 
Max 
Unh 


DC Current Gain Ratio(2) 
dc = 10 MAdc,Vce = 5.0 Vdc) 
2N3043, 2N3046 
2N3044, 2N3047 


hFEl'hFE2 
0.9 
0.8 
1.0 
1.0 


— 


Base-Emitter Vottage Differential 
(lC = 10 MAdc. Vce = 5.0 Vdc) 
2N3043,2N3046 
2N3044, 2N3047 


|VBE1-VBE2l 


- 
5.0 
10 


mVdc 


Base-Emitter Voltage Differential Temperature Gradient 
dC = 10 MAdc, Vce = 5.0 Vdc, Ta = - 55 to + 125'C) 
2N3043, 2N3046 
2N3044, 2N3047 


A(VBE1-VbE2> 
ata 
- 
10 
20 


mV/X 


(1) Pulse Test: Pulse Width <c300 ms. Duty Cycle « 2.0%. 
(2)The lowest hp£ reading is taken as hp£l for this test. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Emitter Voltage 
VCER 
20 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.3 
1.72 
0.4 
2.28 
Watt 
mW/'C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25'C 
pd 
0.75 
4.3 
1.5 
8.55 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25'Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3425 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTORS 


NPN SIUCON 


Refer to MD2369AB for graphs. 


Symbol 
Min 
Max 
3 
Unh 


Collector-Emitter Breakdown Voltaged) 
dc = 30 mAdc, Rbe « 10 ohms) 
VcER(sus) 
20 
— 
Vdc 
Collector-EmitterSustaining Voltaged) 
dc = 10 mAdc, Ib = 0) 
VCEO(sus) 
15 
— 
Vdc 
Collector-Base Breakdown Voltage 
(lc = 10 MAdc,Ie = 0) 
V(BR)CBO 
40 
— 
Vdc 
Emitter-BaseBreakdown Voltage 
(Ie = 10 MAdc, ic = 0) 
V(BR)EBO 
5.0 
— 
Vdc 
Collector CutoffCurrent (Vce = 20 Vdc, VEB(off) = 0.25Vdc, Ta = 125'C) 
•CEX 
— 
15 
MAdc 
CollectorCutoff Current 
(Vcb = 20 Vdc, l£ = 0) 
(Vcb = 20 vdc, ie = o, ta = iscci 
'CBO 
— 
0.025 
15 
MAdc 


EmitterCutoffCurrent (Veb = 4.0 Vdc, lc = 0) 
>EBO 
— 
0.2 
MAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 0.5 mAdc, Vce = 1-0Vdc) 
dC = 10 mAdc, VCe = 1-0Vdc) 
dC = 10 mAdc, VCe = 10 Vdc, Ta = -55'C) 


hFE 
12 
30 
12 
120 


— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
dC = 7.0 mAdc, Ib = 0.7 mAdc, Ta = -55'C to + 125°C) 


VCE(sat) 


- 
0.4 
0.5 


Vdc 


Base-EmitterSaturation Voltage 
(lc = 10 mAdc, Ib = 1.0 mAdc) 
dC = 7.0 mAdc, Ib = 0.7 mAdc, Ta = -55'C) 
VBE(sat) 
0.7 
0.85 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, Vce = 10Vdc, f = 100 MHz) 
fT 
300 
_ 
MHz 
Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 140 kHz) 
C0bo 


— 
6.0 
pF 
Input Capacitance 
(Vbe = 0.5 Vdc, |c = 0, f = 140 kHz) 
Cjbo 


— 
9.0 
pF 
Small-Signal Current Gain 
dc = 10 mAdc, Vce = 1-0Vdc, f = 1.0 kHz) 
hfe 
20 
— 
— 


Real Partof Input Impedance 
dc = 10 mAdc, Vce = 10Vdc, f = 300 MHz) 
Re(hje) 
— 
50 
Ohms 


SWITCHING CHARACTERISTICS 


Storage Time 
dC = 10 mAdc, Ibi = 10 mAdc, Ib2 = 10 mAdc) 
ts 
- 
40 
ns 


Turn-On Time 
(Vcc = 3.0Vdc, VEB(off) = 2.0 Vdc, lc = 10 mAdc, Ibi = 3.0 mAdc) 
ton 
— 
50 
ns 


Turn-Off Time 
(Vcc = 3.0Vdc, lc = 10 mAdc, Ibi = 3.0 mAdc, Ib2 = 1-0mAdc) 
toff 
— 
90 
ns 


(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle <; 1.0%. 


SMALL-SIGNAL DEVICES 
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2N3726 
2N3727 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
45 
Vdc 


Collector-Base Voltage 
vcbo 
45 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Base Current 
ib 
100 
mAdc 


Collector Current — Continuous 
"c 
300 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
400 
2.29 
500 
2.86 
mW 
mW/'C 


Total Device Dissipation @ Tc - 25°C 
Derate above 25'C 
pd 
0.85 
4.85 
1.4 
8.0 
Watt 
mwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Collectori to Collector Voltage 
Voltage rating any lead to case 
VC1 VC2 
±200 
±200 
Vdc 
Vdc 


Refer to MD2S0SA for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unh 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
45 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.01 mAdc, Ie = 0) 
V(BR)CBO 
45 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.01 mAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, ie = o) 
(Vcb = 30 Vdc, Ie = 0, Ta = 150'C) 


•CBO 


- 
10 
10 
nAdc 
MAdc 


Emitter Cutoff Current 
(vBe = 3.o vdc, ic = o) 
>EBO 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.01 mAdc, Vce = 5.0 Vdc) 
dC = 0.1 mAdc, Vce = 5.0 Vdc) 
dC = 1.0 mAdc, Vce = 5.0 Vdc) 
dC = 50 mAdc, Vce = 5.0 VdcKD 


hFE 
80 
120 
135 
115 
350 


Collector-Emitter Saturation Voltaged) 
dC = SOmAdc, Ib = 2.5 mAdc) 
VcE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 50 mAdc, Ib = 2.5 mAdc) 
VBE(sat) 
i 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 1.0 mAdc, Vce = 10Vdc. f = 20 MHz) 
dC = 50 mAdc. VCE = 20 Vdc. f = 100 MHz) 


fT 
60 
200 
600 


MHz 


Output Capacitance 
(vCb = io vdc, iE = o, f = 1.0 MHz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Veb = 0.5 Vdc, IC = 0, f = 1.0 MHz) 
Cibo 
— 
30 
PF 


Input Impedance 
dC ° 1.0 mAdc. Vce = 10Vdc, f = 1.0 kHz) 
hie 
— 
11.5 
kohm 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
hre 
— 
1500 
X10-6 


Small-Signal Current Gain 
dC = 1.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hfe 
135 
420 
— 
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2N3726, 2N3727 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unh 


Output Admittance 
dC •=• 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
- 
80 
Mmhos 


I Noise Figure 
| 
dc = 30 MAdc, Vce = 5.0 Vdc, Rs= 10 kohms, f = 1.0 kHz, B.W. = 200 Hz) 
NF 
— 
4.0 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 0.1 mAdc to 1.0 mAdc. Vce = 5.0 Vdc) 
hFEl'hFE2 
0.9 
1.0 
— 


Base-Emitter Voltage Differential 
«C = 0.1 mAdc to 1.0 mAdc. VCe = 5.0 Vdc) 
2N3726 
2N3727 


IVBE1-VBE2I 


- 
5.0 
2.5 


mVdc 


Base-Emitter Differential Change Due to Temperature 
(lC = 0.1 mAdc to 1.0 mAdc, Vce = 50 Vdc, TA = -55°C to +25'C) 
2N3726 
2N3727 


(lC = 0.1 mAdc to 1.0 mAdc, Vce = 50 Vdc,Ta = +25'C to + 125'C) 
2N3726 
2N3727 


A(VBE1-VbE2> 
1.6 
0.8 


2.0 
1.0 


mVdc 


(1) Pulse Test: Pulse Width <s300 ms, Duty Cycle < 2.0%. 
(2)fj is defined as the frequency at which |hfe| extrapolates to unity. 
(3) For purposes of this ratio, the lowest hfE reading is taken as rtpEl- 
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MOTOROLA SEMICONDUCTORS 


2N3806 thru 
2N3810\A 
2N381M 


CASE 61OA-04, STYLE 1 
2N3812 thru 
2N3816,A 
2N3817,A 


CASE 654-07, STYLE 1 


2N3810, 2N3811 — JAN, JTX, JTXV 
AVAILABLE 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


One Die 
Both Die 


Total Device Dissipation 
@ Ta = 25'C 
Metal Can (2N3806 thru 
2N3810A2N3811A1 
Derate above 25°C 


pd 
500 


2.86 


600 


3.43 


mW 


mW/'C 


Total Device Dissipation 
@ TC = 25'C 
Flat Package (2N3812 thru 
2N3816A 2N3817.A) 
Derate above 25°C 


pd 
250 


1.5 


350 


2.06 


mW 


mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, l£ = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(«E = 10 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie = 0) 
2N3816,17,12,13,14,15 
(Vcb = 50 Vdc, Ie = 0, Ta = 150'C) 


'CBO 


- 
0.01 
10 


MAdc 


Emitter Cutoff Current 
(vBe = 4.o vdc, ic = o) 
>EBO 
— 
20 
nAdc 


ON CHARACTERiSTICS 


DC Current Gaind) 
dC = 10 MAdc, Vce = 5.0 Vdc) 
2N3807.9.11A13.15.17.A 


dC = 10MAdc, Vce = 5.0Vdc) 
2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


(lC= 100MAdc, Vce = 5.0Vdc) 
2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


dC = 100MAdc. Vce = 5.0Vdc,Ta = -55°C) 
2N3806,8,10,A,12,14,16,A 
2N3807,9,11.A,13.15.17,A 


dC = 500 MAdc. Vce = 5.0 Vdc) 
2N3806,8,10A12,14,16,A 
2N3807,9,11A13,15,17,A 


dC = 10 mAdc, Vce = 5.0 Vdc) 
2N3806,8,10A12.14,16,A 
2N3807,9,11A13.15.17.A 


(lC = 10 mAdc, Vce = 5.0Vdc) 
2N3806,8,10.A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


hFE 
75 


100 
225 


150 
300 


75 
150 


150 
300 


150 
300 


125 
250 


450 
900 


450 


SOO 


450 
900 


Collector-Emitter Saturation Voltaged) 
(lC= 100MAdc, Ib = 1.0mA) 
2N3814, 2N3815 
(lC = 1.0 mAdc, Ib = 100 MAdc) 


VCE(sat) 


- 
0.2 
0.25 


Vdc 


Base-Emitter Saturation Voltaged) 
(lC = 100 MAdc, Ib = 10 MAdc) 
(lC = 1.0 mAdc, Ib = 100 MAdc) 


VBE(sat) 


- 
0.7 
0.8 


Vdc 
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2N3806 thru 2N3810.A, 2N3811.A, 2N3812.A, 2N3816,A, 2N3817.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Base-Emitter On Voltage 
dC = 100 MAdc,Vce = 5.0 Vdc) 
VBE(on) 
— 
0.7 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc,VCe = 5.0 Vdc, f = 30 MHz) 
(lC = 1.0 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 


fT 
30 
100 
500 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
Cobo 
— 
4.0 
PF 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Qbo 
— 
8.0 
pF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


hie 
3.0 
10 
30 
40 


n 


Voltage Feedback Ratio 
dC = 1.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hre 
— 
25 
X10"4 


Small-Signal Current Gain 
(lC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


hfe 
150 
300 
600 
900 


— 


Output Admittance 
dC = 1.0 mAdc, VCe = 10 Vdc, f = 1.0 kHz) 
hoe 
5.0 
60 
Mmhos 


Noise Figure 
dC = 100 MAdc,Vce = 10 Vdc, Rq = 3.0 kohms 
f = 100 Hz, BW = 20 Hz 
2N3806,8,10,A,12,14,16,A 
2N3807,9.11A13,15,17,A 
f.p?t f =1.0 kHz, BW =200 Hz 
2N3806,8.10.A,12,14.16,A 
Noise 
2N3807,9,11,A,13,15,17,A 


f = 10 kHz, BW = 2.0 kHz) 
2N3806,8,10,A,12,14,16,A 
2N3807,9,11,A,13,15,17,A 


Broadband Noise Bandwidth 
2N3806,8,10,A,12,14,16,A 
10 Hz to 15.7 kHz 
2N3807,9,11 ,A,13,15,17,A 


NF 


— 


7.0 
4.0 


3.0 
1.5 


2.5 
1.5 


3.5 
2.5 


dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dC = 100 MAdc, Vce = 5.0 Vdc) 
2N3608,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


dC = 100 MAdc, Vce = SOVdc.TA = -55 to + 125'C) 
2N3810A,11A,16A,17A 


hFEl/hFE2 
0.8 
0.9 
0.95 


0.85 


1.0 
1.0 
1.0 


1.0 


Base-Emitter Voltage Differential 
dC = 10 MAdc to 10 mAdc, Vce = 5.0 Vdc) 
2N3808,9,14,15 
2N3810,A,11,A,16,A,17,A 


dC = 100 MAdc, Vce = 5.0 Vdc) 
2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 


IVBE1-VBE2I 


— 
8.0 
5.0 


5.0 
3.0 
1.5 


mVdc 


Base-Emitter Voltage Differential Change Due to Temperature 
dc = 100 MAdc,Vce = 5.0 Vdc, Ta = -55 to +25'C) 
2N3808,9,14,15 
2N3810.11,16,17 
2N3810A,11A,16A,17A 


dC = 100 MAdc, VcE = 5.0 Vdc, Ta - 
+25 to + 125'C) 
2N3808,9,14,15 
2N3810.11,16,17 
2N3810A,11A,16A,17A 


A(VBE1-VbE2> 


— 
1.6 
0.8 
0.4 


2.0 
1.0 
0.5 


mVdc 


(1) Pulse Test: Pulse Width =s300 fts. Duty Cycle * 2.0%. 
(2) The lowest hpE reading is taken as hpEl for this ratio. 
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2N3806 thru 2N3810.A, 2N3811,A, 2N3812,A, 2N3816,A, 2N3817.A 
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0.1 
1.0 
10 
lC. COLLECTOR CURRENT (MA) 


100 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector 1 to Collector 2 Voltage 
Voltage Rating any Lead to Case 
VC1C2 
±120 
±120 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
'c 
600 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.25 
1.67 
0.35 
2.34 
Watt 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.7 
4.67 
1.4 
9.34 
Watts 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
'C 


ELECTRICALCHARACTERISTICS (Ta ° 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3838 


CASE 610A-04, STYLE 1 


COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTOR 


NPN/PNP SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Emitter Nonmatching Voltage 
dC(on)= 600 mAdc, Ifllon) = 120 mAdc, iB(off) = 0) 
VCE0(NL)t 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Base Cutoff Current (Vce = 50 Vdc, VflEloff) = 0.5 Vdc) 
*BEV 
— 
10 
nAdc 


Collector CutoffCurrent 
(Vce = 50Vdc,VBE(off) = 0.5Vdc) 
(VCe = 50Vdc, VBE(off) •= 0.5Vdc, TA = 150'C) 
'CEV 
0.01 
10 
MAdc 


Emitter Cutoff Current 
(Vbe = 3-0 Vdc, lc = 0) 
>EBO 
- 
10 
nAdc 


ON CHARACTERISTICS 


DCCurrentGain (lc = 0.1 mAdc, Vce = 10 Vdc) 
dC = 1.0 mAdc, Vce = 10 Vdc) 
(lc = 10 mAdc, Vce = 10 Vdc((1) 
dC = 150 mAdc, Vce = 10Vdc)(1) 
dC = 150 mAdc, Vce = 10 Vdc)(1) 


hFE 
35 
50 
75 
100 
50 
300 


Collector-Emitter Saturation Voltaged) 
dc = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 
| Base-Emitter SaturationVoltaged) 
dc = 150mAdc, Ib = 15mAdc) 
VBE(sat) 
0.85 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dc = 20 mAdc, Vce = 1° Vdc, f = 100 MHz) 
fT 
200 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie - 0, f - 140 kHz) 
cobo 
— 
8.0 
PF 


Input Impedance 
(lc = 1-0 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 
hie 
1.6 
9.0 
kohms 


Small-Signal Current Gain 
dc = 1.0 mAdc, Vce = 1° Vdc, f = 1.0 kHz) 
hfe 
60 
300 
— 


Output Admittance 
dc = 1-0 mAdc, Vce = 10Vdc, f = 1.0 kHz) 
h0e 


— 
50 
Mmho 


Noise Figure 
dC = 100 MAdc,Vce = 10 Vdc, Rs = 1.0 kohm, f = 1.0 kHz) 


NF 
— 
8.0 
dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCc = 10Vdc,VBE(off) = OVdc, 
lC = 150 mAdc, Ibi - 15 mAdc) 
td 
— 
10 
ns 


Rise Time 
tr 
— 
40 
ns 


Storage Time 
(Vcc = 1° Vdc, lc = 150 mAdc, 
'B1 = Ib2 - 
15 mAdc) 
ts 
— 
250 
ns 


Fall Time 
tf 
— 
90 
ns 


(1) Pulse Test: Pulse Width « 300 ms, Duty Cycle «s 2.0%. 
t The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which the collector 
current is 600 mAdc. 
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2N4015 
2N4016 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector 1 to Collector 2 Voltage 
Voltage Rating and Lead to Case 
VC1C2 
±200 
±200 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Base Current 
ib 
100 
mAdc 


Collector Current — Continuous 
'C 
300 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
400 
2.29 
500 
2.86 
mW 
mW/'C 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
pd 
0.85 
4.85 
1.4 
8.0 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


Refer to MD2905A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR|CEO 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc,l£ = 0) 
v(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, IC = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(vCb = 50 vdc, Ie = o) 
(VCb = 50 Vdc, Ie = 0, Ta = +150°C) 


<CBO 


- 
10 
10 
nAdc 
MAdc 


Emitter Cutoff Current 
(Veb = 30 vdc, ic = o) 
lEBO 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.01 mAdc, Vce = 50 Vdc) 
dC = 0.1 mAdc, Vce = 5.0 Vdc) 
dC = 1.0 mAdc, VCe " 5.0 Vdc) 
dC = 50 mAdc, Vce = 5.0 Vdc)(1) 


hFE 
80 
120 
135 
115 
350 


Collector-Emitter Saturation Voltaged) 
dC - 50 mAdc, Ib = 2.5 mAdc) 
VcE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 50 mAdc, Vce = 2.5 Vdc) 
vBE(sat) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 20 MHz) 


fT 
200 
60 
600 
MHz 


Output Capacitance 
(Vcb = io vdc. Ie = o. f = i.o mhz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Veb = 0-5 Vdc, lc = 0, f = 1.0 MHz) 
Cibo 
— 
25 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc. f = 1.0 kHz) 
hie 
— 
11.5 
kohms 


Vottage Feedback Ratio 
dC =• 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hre 
— 
15 
X10-4 


Small-Signal Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
135 
420 
— 
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2N4015, 2N4016 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


Output Admittance 
(lC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hoe 
— 
80 
Mmhos 


Noise Rgure 
dC = 0.03 mAdc, Vce = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz,BW = 200 Hz) 
NF 
— 
4.0 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio 
dC = 0.1 mAdc, VCe = 5.0 Vdc) 
hFEl'hFE2 
0.9 
1.0 
— 


Base-Emitter Voltage Differential 
(lC = 0.1 to 1.0 mAdc, Vce = 5.0 Vdc) 
2N4015 
2N4016 


|VBE1-VBE2l 


- 
5.0 
2.5 


mVdc 


Base-Emitter Voltage Differential Gradient 
dC = 0.1 to 1.0 mAdc, Vce = 5.0 Vdc, Ta = -55 to +25°C) 
2N4015 
2N4016 


dC = 0.1 to 1.0 mAdc, Vce = 5.0 Vdc, Ta = +25°C to + 125'C) 
2N4015 
2N4016 


A<Vbei-VBE2> 
ata 
— 
1.6 
0.8 


2.0 
1.0 


mVdc 


(1) Pulse Test: Pulse Width « 300 fts, Duty Cycle =s 1.0%. 
(2)fj is defined as the frequency at which |hfe| extrapolates to unity. 
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MOTOROLA SEMICONDUCTORS 


2N4854 
2N4855 


2N4854 — JAN, JTX, JTXV 
AVAILABLE 
CASE 654-07, STYLE 5 


COMPLEMENTARY DUAL 
AMPUFIER TRANSISTOR 


NPN/PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector 1 to Collector 2 Voltage 
Voltage Rating any Lead to Case 
VC1C2 
±200 
±200 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
pd 
300 
2.0 
600 
4.0 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.0 
6.67 
2.0 
13.33 
Watts 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Refer to MD6001 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC- 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(VCB = 50 Vdc, Ie = 0, Ta = 150'C) 
>CBO 
— 
10 
MAdc 


Emitter Cutoff Current 
(Veb = 3.o vdc, ic = o) 
>EBO 
— 
10 
nAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
2N4854 
2N4855 


hFE 
35 
20 


- 


(lC = 1.0 mAdc. Vce = 10 Vdc) 
2N4854 
2N4855 
50 
25 
— 


(lC = .10mAdc, Vce = 10VdcKD 
2N4854 
2N4855 
75 
35 
— 


dC = 150 mAdc, Vce = 10Vdc)(1) 
2N4854 
2N4855 
100 
40 
300 
120 


dc = 150 mAdc, Vce = lOVdcld) 
2N4854 
2N4855 
50 
20 
— 


(IC = 300 mAdc, Vce = 10 Vdc)(1) 
2N4854 
2N4855 
35 
20 


Collector-Emitter Saturation Voltaged) 
dc = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 


Base-Emitter Saturation Voltaged) 
(lC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
0.75 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 10 Vdc. f = 100 MHz) 
fT 
200 
| 
— 
MHz 


MOTOROLA SEMICONDUCTORS 
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2N4854, 2N4855 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Collector-Base Capacitance 
(Vcb ° 10 Vdc. l£ = 0. f = 1.0 MHz) 
Ccb 
— 
8.0 
PF 


Input Impedance 
dC = 1.0 mAdc, Vce = 10 Vdc. f = 1.0 kHz) 
2N4854 
2N4855 


hie 
1.5 
0.75 
9.0 
4.5 


kohms 


Small-Signal Current Gain 
«C = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
2N4854 
2N4855 


hfe 
60 
30 
300 
150 


~~ 


Output Admittance 
dC = 1.0 mAdc. Vce = 10 Vdc, f = 1.0 kHz) 
2N4854 
2N4855 


hoe 


- 
50 
26 


Mmhos 


Noise Figure 
dC = 100 MAdc, Vce = 10 Vdc, Rs = 1.0 kohm. f = 1.0 kHz) 


NF 
— 
8.0 
dB 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCc = 30 Vdc,VBE(off) = 0.5 Vdc, 
td 


— 
20 
ns 


Rise Time 
lC = 150 mAdc, Ibi = 15 mAdc) 
tr 
— 
40 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
ts 


— 
280 
ns 


Fall Time 
tf 
— 
70 
ns 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle « 2.0%. 
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2N4937 
thru 
2N4942 


2N4937,2N4938, 2N4939 
CASE 654-07, STYLE 1 
2N4440, 2N4441, 2N4442 
CASE 610A-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to MD3250A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector 1 to Collector 2 Voltage 
Voltage Rating and Lead to Case 
VC1C2 
±200 
±200 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Base Current 
ib 
10 
mAdc 


Collector Current — Continuous 
ic 
50 
mAdc 


One Die 
Both Die 


Total Device Dissipation 
@ Ta = 25'C — Ceramic 
Metal Can 
Derate above 25°C — Ceramic 
Metal Can 


pd 
250 
500 
1.5 
2.9 


350 
600 
2.0 
3.4 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Metal Can 


pd 
1.2 
6.85 
2.0 
11.42 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +200 
•c 


Characteristic 
Symbol 
Min 
Max 
j 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lc = 10 MAdc, Ie = 0) 
v(BR)CBO 
50 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 Vdc, lE = 0) 
'CBO 
— 
20 
nAdc 


Emitter Cutoff Current 
(vBe = 3.o vdc, ic = oi 
<EBO 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 MAdc, VCe = 10 Vdc) 
dC = 1.0 mAdc, Vce = 1° Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 


hFE 
40 
50 
50 


200 
250 
250 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 10 Vdc, f = 100 Mhz) 
fT 
300 
900 
MHz 


Output Capacitance 
(Vcb = 10 Vdc. Ie = 0. f = 140 kHz) 
Emitter Guarded 
Ccb 
— 
5.0 
pF 


Input Impedance 
(IBE = 0.5 Vdc, lc = 0, f = 140 kHz) 
Collector Guarded 
Ceb 
— 
10 
pF 


Input Impedance 
(lC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hje 
1.0 
10 
kn 


Voltage Feedback Ratio 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hre 
— 
10 
X10"4 


Smail-Signal Current Gain 
(lC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
hfe 
50 
— 
— 


Output Admittance 
(lC = 1.0 mAdc, Vce = 10 Vdc,f = 1.0 kHz) 
hoe 
5.0 
50 
Mmhos 


Noise Figure 
dC = 100 MAdc, Vce = 10 Vdc,Rs = 3.0 kn, f = 10 Hzto 15.7kHz) 


NF 
— 
4.0 
dB 
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2N4937 thru 2N4942 


ELECTRICALCHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 


MATCHING CHARACTERISTICS 


Symbol 
Min 
Max 
Unit 


DC Current Gain Ratiod) 
dC = 100 MAdcto 1.0 mAdc, Vce = 10 Vdc) 
2N4937, 2N4941 
2N4938, 2N4940 


dC = 100 MAdcto 1.0 mAdc, Vce = 10 Vdc, 
Ta = -55'C to 125'C) 
2N4937, 2N4941 
2N4938, 2N4940 


hFEl/hFE2 
0.9 
0.8 


0.85 
0.7 


1.0 
1.0 


1.0 
1.0 


Base-Emitter Voltage Differential 
dC = 100 MAdcto 1.0 mAdc, Vce = 10 Vdc) 
2N4937, 2N4941 
2N4938, 2N4940 


|Vbei-VbE2I 


- 
3.0 
5.0 


mVdc 


Base-Emitter Voltage Differential Gradient 
dC = 100 MAdcto 1.0 mAdc, Vce = 10 Vdc, 
Ta = 25'C to + 125'C) 
2N4937,2N4941 
2N4938, 2N4940 


dC = 100 MAdcto 1.0 mAdc, Vce = 1° Vdc, 
Ta = -55'C to 2S'C) 
2N4937, 2N4941 
2N4938, 2N4940 


A(VbE1-VBE2> 
ata 


- 


1.0 
2.0 


0.8 
1.6 


mVdc 


(1) The lowest hc£ reading is taken as hc£i for this ratio. 
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2N5793 
2N5794 


JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 


DUAL TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
75 
Vdc 
Emitter-Base Voltage 
Vebo 
6.0 
Vdc 


Collector Current — Continuous 
'c 
600 
mAdc 


One 
Die 


Both Die 
Equal 
Power 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
500 
2.9 
600 
3.4 
mW 
mW/X 
Total Device Dissipation @ Tc = 25°C 
Derate above 25X 
pd 
1.2 
6.9 
2.0 
11.43 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
'C 


Refer to MD2218A for graphs. 


ELECTRICAL CHARACTERiSTICS (TA 
25'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage!1) 
dc = 10 mAdc, Ib - 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 MAdc, Ie = 0) 
V(BR)CBO 
75 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(>e = 10 MAdc,lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie = 0) 
'CBO 
— 
10 
nAdc 


Emitter Cutoff Current 
(Veb - 4.0 Vdc, lc - 0) 
lEBO 


— 
10 
nAdc 


Collector 1 to Collector 2 Leakage Current 
(Vic-2C = ± 50 Vdc) 
'C1-C2 
— 
±1.0 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 MAdc,Vce = 10 Vdc) 
2N5793 
2N5794 
dC = 1.0 mAdc, Vce = 10 Vdc) 
2N5793 
2N5794 
dC = 10 mAdc, Vce = 10 Vdc)(1) 
2N5793 
2N5794 
(lC = 150 mAdc, Vce = 10 Vdc)(1) 
2N5793 
2N5794 
dC = 150 mAdc. Vce = 10 Vdc)(1) 
2N5793 
2N5794 
dC = 300 mAdc, Vce = 10 Vdc)(1) 
2N5793 
2N5794 


hFE 
20 
35 
25 


SO 
35 
75 
20 
50 
40 
100 
25 
40 


120 
300 


Collector-Emitter Saturation Voltaged) 
dc = 150 mAdc, Ib = 15 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
VCE(sat) 
0.3 
0.9 
Vdc 


Base-Emitter Saturation Voltaged) 
dc = 150 mAdc, Ib - 15 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
VBE(sat) 
0.6 
1.2 
1.8 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-G8in— Bandwidth Product(2) 
dc = 20 mAdc, Vce = 20 Vdc,f = 100 MHz) 
fT 
250 
— 
MHz 


Collector-Base Capacitance 
(Vcb - 1° Vdc, l£ = 0, f = 100 kHz) 
Ccb 
— 
8.0 
pF 


Emitter-Base Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
Ceb 
- 
25 
PF 


SWITCHING CHARACTERiSTICS 


Delay Time 
(VCc = 30 Vdc.VBE(off) - 0.5Vdc. 
lC = 150 mAdc, Ibi = 15 mAdc) 
td 


— 
15 
ns 


Rise Time 
tr 
— 
30 
ns 


Storage Time 
(VCc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
ts 
— 
250 
ns 


Fall Time 
tf 
- 
60 
ns 


(1) Pulse Test: Pulse Width < 300 /is. Duty Cycle * 2.0%. 
(2)fj is defined as the frequency at which |hfe| extrapolates to unity. 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
60 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
600 
mAdc 


One 
Die 


Both Die 
Equal 
Power 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
500 
2.9 
600 
3.4 
mW 
mW/'C 


Total Power Dissipation @ Tc = 25'C 
Derate above 25'C 
pd 
1.2 
6.9 
2.0 
11.43 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N5795 
2N5796 


JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 


DUAL TRANSISTOR 


PNP SIUCON 


Refer to MD2904A for graphs. 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib - 0) 
V(BR)CEO 
60 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, l£ = 0) 
'CBO 


— 
20 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lc = 0) 
>EBO 
— 
100 
nAdc 


Collector 1 to Collector 2 Leakage Current 
(Vic-2C = -50 Vdc 
'C1-C2 
— 
±1.0 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 100 MAdc,Vce = 10 Vdc) 
2N5795 
2N5796 
dC = 1.0 mAdc, Vce = 10 Vdc) 
2N5795 
2N5796 
dC = 10 mAdc, Vce = 10 Vdcl(l) 
2N5795 
2N5796 
dC = 150 mAdc, Vce = 10 Vdc)(1) 
2N5795 
2N5796 
(lC = 150 mAdc, VCe = 10 VdcKD 
2N5795 
2N57S6 
dC = 500 mAdc, VCe = 10 Vdc)(1) 
2N5795 
2N57S6 


hFE 
40 
75 
40 
100 
40 
100 
20 
50 
40 
100 
40 
50 


120 
300 


Collector-Emitter Saturation Voltaged) 
dc - 150 mAdc, Ib = 15 mAdc) 
dC - 500 mAdc, Ib - 50 mAdc) 
VCE(sat) 
— 
0.4 
1.6 
Vdc 


Base-Emitter Saturation Voltaged) 
dc - 150 mAdc, Ib - 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
VBE(sat) 


_ 
1.3 
2.6 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
— 
MHz 


Collector-Base Capacitance 
(Vcb = ,0 Vdc, Ie = 0, f = 100 kHz) 
Ccb 


— 
8.0 
PF 


Emitter-Base Capacitance 
(Veb - 2.0 Vdc, Iq = 0, f = 100 kHz) 
Ceb 
— 
30 
PF 


SWITCHING CHARACTERISTICS (See Rgure 1) 


Delay Time 
(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 
lC = 150 mAdc, Ibi = 15 mAdc) 
td 


— 
12 
ns 


Rise Time 
tr 
— 
35 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
ts 
— 
100 
ns 


Fall Time 
tf 
— 
40 
ns 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
(2)fr is defined as the frequency at which |hfe| extrapolates to unity. 


SMALL-SIGNAL DEVICES 


5-33 


MOTOROLA SEMICONDUCTORS 


2N6501 
2N6S02 
2N6503 


QUAD CERAMIC 
2N6501 
CASE 607,04, STYLE 1 


DUAL 
2N6502 
CASE 654-07, STYLE 1 


DUAL CERAMIC 
2N6503 
CASE 610A-04, STYLE 1 


SWITCHING TRANSISTOR 


NPN SIUCON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit I 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCES 
80 
Vdc 


Collector-Base Voltage 
vcbo 
80 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


One Die 
All Die 
Equal Power 


Total Device Dissipation 
@ TA = 25'C 
2N6502 
2N6503 
2N6501 
Derate above 25°C 
2N6502 
2N6503 
2N6501 


pd 


600 
350 
400 


3.42 
2.0 
2.28 


650 
400 
600 


3.7 
2.28 
3.42 


mW 


mW/'C 


Total Device Dissipation 
@ TC = 25'C 
2N6502 
2N6503 
2N6501 
Derate above 25'C 
2N6502 
2N6503 
2N6501 


pd 


2.1 
1.25 
1.0 


12 
7.15 
5.71 


3.0 
2.5 
4.0 


17.2 
14.3 
22.8 


Watts 


mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
°C 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
2N6502 
2N6503 
2N6501 


RflJC 
83.3 
140 
175 


58.3 
70 
43.8 


°CAV 


Thermal Resistance, Junction to Ambient(l) 
2N6502 
2N6503 
2N6501 


RftJA 
292 
500 
438 


270 
438 
292 


•CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
2N6502 
2N6503 
2N6501 (Q1.Q2) 
(Q1-Q3, Q1-Q4) 


85 
75 
57 
56 


40 


0 


0 


0 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC *» 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dc = 100 MAdc.Vbe = o) 
V(BR)CES 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
V(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc. lc = 0) 
V(BR)EBO 
6.0 
— 
Vdc 


Collector Cutoff Current 
(VCb = 40 Vdc. Ie = 0) 
>CBO 
— 
1.7 
MAdc 
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2N6501, 2N6502, 2N6503 


ELECTRICAL CHARACTERiSTICS (continued) (Ta = 25'C unless otherwise noted.) 


I 
Characteristic 
Symbol 
Min 
Max 
Unit 
I Emitter Cutoff Current 
| 
(vBe =4.o Vdc, ic = oi 
lEBO 
- 
1.0 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 mAdc, Vce = 10 Vdc) 
dC = 500 mAdc, Vce = 2.0 Vdc) 
dC = 500 mAdc, Vce = 10 Vdc) 


hFE 
50 
30 
10 


150 


—• 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VCE(sat) 


- 
0.3 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
vBE(sat) 
0.8 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = SO mAdc,VCe = 10 Vdc, f = 100 MHz) 
fT 
250 
- 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc. IE = 0, f = 100 kHz) 
Ccb 
— 
10 
PF 


Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Ceb 
— 
65 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc,Vbe = 3.8 Vdc, lc = 500 mAdc, Ibi = 50 mAdc) 
ton 
- 
35 
ns 


Turn-Off Time 
(Vcc = 30 Vdc,lc = 500 mAdc, Ibi = lB2 = 50 mAdc) 
toff 
— 
60 
ns 


(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle «s2.0%. 


TYPICAL DC CHARACTERISTICS 


FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 2 - 
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2N6501, 2N6502, 2N6503 


FIGURE 3 - COLLECTOR SATURATION REGION 
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FIGURE S - CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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FIGURE 6 - CAPACITANCE 
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FIGURE 8 - TURN-OFF TIME 


200 


vcc 


T 
1II 


too 


tt 
C/lB ' 11 
C/lB * 2() 
•25°C 


f*~ 


70 
V 
jO| /(' 
V 
w 


50 
s 
> 
s 
/' C/lB-10 
s 
, 
N 
.i ' 
/ 
s 
s 
,»»^'s 
2 :^,, 
s 
\ C' 
?< 


20 
^ * 
s 
-*•" V 
^ 
/ 
/ 
/ 
s 
>sS s^ 
^ 
y 
1 / 
—' 


in 


5-36 


20 
30 
50 
70 
100 
200 
300 
500 7001.0 k 


IC.COLLECTOR CURRENT (mA) 


SMALL-SIGNAL DEVICES 


2N6501, 2N6502, 2N6503 


FIGURE 9 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 10 - COLLECTOR CUTOFF CURRENT 
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MOTOROLA SEMICONDUCTORS 


MD708fA9B 


CASE 654-07, STYLE 1 


MD708F,AF,BF 


CASE 610A-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MD2369 for graphs. 


THERMAL CHARACTERISTICS 


Characteristic 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH I 


Collector-Emitter Voltage 
VcEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
'c 
200 
mAdc 


Both Die 
One Die 
Equal Power 


Total Device Dissipation 
pd 
mW 
@ Ta = 25X 
MD708, MD708A, MD708B 
550 
600 
MD708F. MD708AF, MD708BF 
350 
400 


Derate above 25°C 
mVWC 
MD708, MD708A, MD708B 
3.13 
3.42 
MD708F, MD708AF, MD708BF 
2.0 
2.28 


Total Device Dissipation 
pd 
Watts 
@ TC = 25"C 
MD708, MD708A, MD708B 
1.4 
2.0 
MD708F, MD708AF, MD708BF 
0.7 
1.4 


Derate above 25°C 
mWVC 
MD708, MD708A, MD708B 
8.0 
11.4 
MD708F, MD708AF, MD708BF 
4.0 
8.0 


Operating and Storage Junction 
Tj.Tstg 
- 
55 to +200 
°C 
Temperature Range 


Symbol 
One Die 
Both Die 
Equal Power 
Unit 


•CAV 
Thermal Resistance, Junction to Case 
MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 


RflJC 
125 
250 
87.5 
125 


Thermal Resistance, Junction to Ambient 


Coupling Factors 
MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 


(1) RjjAis measured with thedevice soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 2SX unless otherwise noted.) 


Characteristic 


RftjAd) 
319 
500 


Junction to 
Ambient 


83 
75 


292 
438 


Junction to 
Case 


40 


0 


Symbol 
Min 
Max 


"CAV 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 30 mAdc, Ib - 0) 
V(BR)CEO 
15 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ie - 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 /xAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 Vdc, Ie = 0) 
(Vcb = 20 Vdc,Ie = 0. Ta = 150°C) 
>CBO 
— 
15 
30 
nAdc 
ftAdc 


ON CHARACTERISTICS 
DCCurrent Gain(2) 
dc = 500 ftAdc,VCe = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc' 
dC = 100mAdc,Vce = 5.0Vdcl 
(lC = 150 mAdc, Vce = 5.0 Vdc) 


hFE 
40 
40 
35 
20 


200 


" 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc) 
dC = 100 mAdc, Ib = 10 mAdc) 


VCE(sat) 


- 


0.20 
0.35 
0.50 


Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib ° 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 
(lC = 100 mAdc, Ib = 10 mAdc) 


VBE(sat) 
0.65 
0.85 
0.95 
1.10 


Vdc 


(2) Pulse Test: Pulse Width * 300 its. Duty Cycle =s2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
15 
Vdc 


Collector-Base Voltage 
vcbo 
30 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
"c 
50 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
MD918AB 
MD918F,AF,BF 
Derate above 25'C 
MD918AB 
MD918F,AF,BF 


pd 
550 
350 


3.14 
2.0 


600 
400 


3.42 
2.28 


mW 


mW/°C 


Total Device Dissipation @ Tc = 25°C 
MD918AB 
MD918F^F,BF 
Derate above 25°C 
MD918AB 
MD918F,AF,BF 


pd 
1.4 
0.7 


8.0 
4.0 


2.0 
1.4 


11.4 
8.0 


Watts 


mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


MD918 
MD918A 
MD918B 


CASE 654-07, STYLE 1 


MD918F 
MD918AF 
MD918BF 


CASE 610A-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
MD918AB 
MD918F.AF.BF 


R«jc 
125 
250 
87.5 
125 


°CAV 


Thermal Resistance, Junction to Ambient 
MD918AB 
MD918F.AF.BF 


RflJAd> 
319 
500 
292 
438 


•CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factors 
MD918AB 
MD918F.AF.BF 
83 
75 
40 


0 


% 


(1) RflJAis measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
dC = 3.0 mAdc, Ib = 0) 
v(BR)CEO 
15 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 1.0 ftAdc. Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10/iAdc, lc = 0) 
v(BR)EBO 
3.0 
— 
. 
— 
Vdc 


Collector Cutoff Current 
(VCb = 15Vdc,lE = 0) 
(VCb = 15 Vdc, l£ = 0, TA = 150°C) 


'CBO 


- 
- 
10 
1.0 
nAdc 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, VCe = 5.0 Vdc) 
hpE 
50 
165 
- 
- 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 Adc) 
VCE(sat) 
— 
0.09 
0.2 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Is = 1.0 mAdc) 
VBE(sat) 
— 
0.86 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
600 
- 
- 
MHz 


Output Capacitance 
(Vcb = 10Vdc, |E = 0, f = 100 kHz) 
Cobo 
— 
1.1 
1.7 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD918,A,B,F,AF,BF 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Capacitance 
(Vbe = 0.5 Vdc. lc = 0, f = 100 kHz) 
Cibo 
— 
1.15 
2.0 
PF 


Noise Figure 
(lC= 1.0mAdc.Vce = 6-0Vdc.Rs = 400O,f = 60 MHz) 


NF 
— 
— 
6.0 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(lC = 1.0mAdc, Vce ° 50 Vdc) 
MD918B.BF 
MD918A.AF 


hFE1/hFE2 
0.8 
0.9 


- 
1.0 
1.0 


— 


Base-Emitter Vottage Differential 
dC = 1.0 mAdc,Vce = 5.0Vdc) 
MD918B.BF 
MD918A.AF 


|VBE1-VBE2l 


- 
- 
10 
5.0 


mVdc 


Base-Emitter Voltage Differential Gradient 
(lC= 1.0mAdc,Vce = 5.0Vdc. 
MD918B.AF.BF 
Ta= -55 to +125'C) 
MD918A 


A(Vbei-VbE2) 
ata 
z 


- 
20 
10 
uV/dc 
•c 


(2) Pulse Test: Pulse Width * 300 fts. Duty Cycle * 2.0%. 
(3)The lowest hpE reading is taken as hpEl for this ratio. 


FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGES 
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FIGURE 4 - CURRENT-GAIN 


BANDWIDTH PRODUCT 
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MD918,A,B,F,AF,BF 


SMALL-SIGNAL DEVICES 


FIGURE 5 - CAPACITANCE 
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10 
20 


MOTOROLA SEMICONDUCTORS 


MD982.F 
MQ982 


MD982 
CASE 654-07, STYLE 1 


MD982F 
CASE 610A-04, STYLE 1 


MQ982 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
50 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc \ 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
600 
mAdc 


One Die 
All Die 


Total Device Dissipation @ Ta - 25°C 
pd 
mW 


MD982 
600 
650 


MD982F 
350 
400 
MQS82 
400 
600 
Derate above 25'C 
mW/°C 


MD982 
3.42 
3.7 


MD982F 
2.0 
2.28 
MQ982 
2.28 
3.42 


Total Device Dissipation @ Tc - 25°C 
pd 
Watts 
MD982 
2.1 
3.8 


MD982F 
1.25 
2.5 


MQ982 
1.0 
4.0 
Derate above 25°C 
mW/°C 


MD982 
12 
17.2 


MD982F 
7.15 
14.3 
MQ982 
5.71 
22.8 


Operating and Storage Junction 
Tj. Tstg 
-65 to +200 
•c 
Temperature Range 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
MD982 
MD982F 
MQ982 


R&jc 
83.3 
140 
175 


58.3 
70 
43.8 


"CAV 


Thermal Resistance, Junction to Ambient 
MD982 
MD982F 
MQ982 


RflJAH) 
292 
500 
438 


270 
438 
292 


•CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
MD982 
MDS82F 
MQ982 
(Q1-Q2) 
(Q1-Q3 or Q1-Q4) 


85 
75 
57 
55 


40 


0 


0 


0 


% 


(1) RfljA is measured with the device soldered intoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA - 2SX unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
50 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie - 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


CollectorCutoff Current (Vcb = 50 Vdc, l£ = 0) 
(Vcb = 50 Vdc, l£ = 0, Ta = 150"C) 
'CBO 
— 


— 
0.020 
20 
ftAdc 


ON CHARACTERISTICS<2) 


DCCurrent Gain dc = 0.1 mAdc, Vce = 1° Vdc) 
dC = 10 mAdc, Vce = 1° Vdc) 
dC = 10 mAdc, Vce = 10Vdc) 
(lC = 150 mAdc, Vce = 10Vdc) 


hFE 
20 
25 
35 
40 


50 
75 
90 
60 


- 


Collector-EmitterSaturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.25 
0.5 
Vdc 


Base-EmitterSaturationVoltage dc = 150mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.88 
1.4 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC= 50 mAdc,Vce " 20 Vdc,f = 100 MHz) 
Output Capacitance (Vcb = 1° Vdc.*E = °-f " 10° kH*l 
InputCapacitance (Vbe " 2.0Vdc,lc ° 0. f = 100kHz) 
(2) Pulse Test: Pulse Width < 300 /is, Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 


200 


Cobo 


Cjbo 


5-42 


320 


5.8 


16 


8.0 


30 


MHz 


PF 


PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
VEBO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


One Die 
Both Die 
Equal Power 
Total Device Dissipation @ Ta = 
25T 
Derate above 25'C 


PD 
575 
3.29 
625 
3.57 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25 C 
pd 
1.8 
10.3 
2.5 
14.3 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
One Die 
Both Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
R&jc 
97 
70 
'CAN 


Thermal Resistance, Junction to 
Ambient 
RflJAH) 
304 
280 
'CAN 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
84 
44 


(1)R&JAis measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MD984 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to MD3250 for graphs. 


1 
Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, l£ = 0) 
V(BR)CB0 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 vdc, Ie = oi 
(Vcb = 20 Vdc, lE = 0, TA = 150°C) 


ICBO 


- 
- 
25 
30 
nAdc 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10 mAdc, Vce = 10 Vdc) 
hFE 
25 
75 
— 
— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
dC = 50 mAdc, Ib = 5.0 mAdc)(2) 


VCE(sat) 


- 
0.18 
0.38 
0.3 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.8 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
250 
550 
— 
MHz 


(2) Pulse Test: Pulse Width =s 300 fts. Duty Cycle <s 2.0%. 


SMALL-SIGNAL DEVICES 
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MD9859F 


MD985 
CASE 654-07, STYLE 5 


MD985F 
CASE 610A-04, STYLE 1 


COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTOR 


NPN/PNP SIUCON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
500 
mAdc 


One Die 
Both Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25'C 
MDS85 
MD985F 
Derate above 25°C 
MD985 
MD98SF 


pd 


575 
350 


3.29 
2.0 


625 
400 


3.57 
2.28 


mW 


mW/'C 


Total Device Dissipation 
@ Tc = 25,,C 
MD985 
MD985F 
Derate above 25°C 
MDS85 
MDS85F 


pd 


1.8 
1.0 


10.3 
5.71 


2.5 
2.0 


14.3 
11.4 


Watts 


mwrc 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


Characteristic 
Symbol 
One Die 
Both Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
MD985 
MD985F 


RflJC 
97 
175 
70 
87.5 


°CAV 


Thermal Resistance, Junction to Ambient 
MD985 
MD985F 


RflJAlD 
304 
500 
280 
438 


•CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
MD985 
MD985F 
84 
75 
44 


0 


% 


(1)Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 /xAdc,Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 ,iAdc, IC = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, Ie = o) 
(Vcb = 50 Vdc, Ie = 0, Ta = +150°C) 


'CBO 


_ 


- 
20 
20 
nAdc 
fiAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
(lC = 1.0 mAdc, Vce = 10Vdc) 
(lc = 10 mAdc, VCe = 10Vdc) 
dC = 150 mAdc, Vce = 10Vdc) 


hFE 
20 
25 
35 
40 


50 
75 
90 
90 


- 


Collector-Emitter Saturation Voltage 
«C= 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.3 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc. Ib = 15 mAdc) 
VBE(sat) 
— 
1.0 
1.4 
Vdc 
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MD985.F 


ELECTRICAL CHARACTERISTICS (continued)(Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
MD985 
fT 
200 
320 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
5.8 
8.0 
pF 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0. f = 100 kHz) 
Cibo 
— 
20 
— 
pF 


SWITCHING CHARACTERiSTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 150 mAdc, Ibi = 15 mAdc) 
•on 
— 
25 
— 
ns 


Tum-Off Time 
(Vcc = 30 Vdc, lc = 150 mAdc, Ibi = lB2 = 15 mAdc) 
*off 
— 
75 
— 
ns 


(2)Pulse Test: Pulse Width * 300 us. Duty Cycle « 2.0%. 
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MD986.F 


MD986 
CASE 654-07, STYLE 5 


MD986F 
CASE 610A-04, STYLE 1 


COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTOR 


NPN/PNP SIUCON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Vottage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
•c 
200 
mAdc 


One Die 
Both Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
MD986 
MD986F 
Derate above 25°C 
MD986 
MD986F 


pd 


550 
350 


3.14 
2.0 


600 
400 


3.42 
2.28 


mW 


mW/'C 


Total Device Dissipation 
@ Tc = 25°C 
MD986 
MD986F 
Derate above 25°C 
MD986 
MD986F 


pd 


1.4 
0.7 


8.0 
4.0 


2.0 
1.4 


11.4 
8.0 


Watts 


mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-65 to +200 
°C 


Characteristic 
Symbol 
One Die 
Both Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
MD986 
MD986F 


RflJC 
125 
250 
87.5 
125 


•CAV 


Thermal Resistance, Junction to Ambient 
MD986 
MD986F 


RflJAd) 
319 
500 
292 
438 


°CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factors 
MD986 
MD986F 
83 
75 
40 


0 


% 


(1)Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 
Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage(2) 
(lc = 10 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc - 10 uAdc, Ie - 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 Vdc, Ie = 0) 
(Vcb = 20 vdc, iE = o, ta = i5o°o 
>CBO 
— 
25 
30 
nAdc 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
hFE 
25 
— 
— 
— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 10 mAdc) 
dC = 50 mAdc, Ib = 10 mAdc) 


VcE(sat) 


- 
- 
0.3 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
VBE(sat) 
— 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
dC = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 
MD986F 


fT 
200 
200 
320 
320 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f =• 100 kHz) 
Cobo 
— 
— 
4.0 
PF 


(2) Pulse Test: Pulse Width * 300 us. Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
500 
mAdc 


All Die 
Equal 
One Die 
Power 


Total Device Dissipation @ Ta = 25°C 
pd 
MD1120, MD1121, MD1122 
575 
625 
mW 
MD1120F, MD1121F, MD1122F 
350 
400 
MQ1120 
400 
600 
Derate above 25'C 
MD1120, MD1121, MD1122 
3.29 
3.57 
mW/°C 
MD1120F, MD1121F, MD1122F 
2.0 
2.28 
MQ1120 
2.28 
3.42 


Total Device Dissipation @ Tc = 25°C 
pd 
MD1120, MD1121, MD1122 
1.8 
2.5 
Watts 
MD1120F, MD1121F. MD1122F 
1.0 
2.0 
MQ1120 
0.9 
3.6 
Derate above 25°C 
MD1120. MD1121.MD1122 
10.3 
14.3 
mW/'C 
MD1120F, MD1121F, MD1122F 
5.71 
11.4 
MQ1120 
5.13 
20.5 


Operating and Storage Junction 
Tj. Tstg 
-65 to+200 
•c 
Temperature Range 


MD1120,F 
MD1121.F 
MD1122.F 
MQ1120 


MD1120, MD1121, MD1122 
CASE 654-07, STYLE 1 


MD1120F 
CASE 610A-04, STYLE 1 


MQ1120 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MD2218.A for graphs. 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
One Die 
Ail Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
MD1120, MD1121, MD1122 
MD1120F. MD1121F, MD1122F 
MQ1120 


RflJC 
97 
175 
195 


70 
87.5 
48.8 


•CAV 


Thermal Resistance, Junction to Ambient 
MD1120, MD1121,MD1122 
MD1120F, MD1121F, MD1122F 
MQ1120 


RflJAlD 
304 
500 
438 


280 
438 
292 


•CAV 


Junction to 
Ambient 
Junction to 
Case 
UnH 


Coupling Factors 
MD1120, MD1121, MD1122 
MD1120F, MD1121F, MD1122F 
MQ1120 (Q1-Q2) 
(Q1-Q3orQ1-Q4) 


84 
75 
57 
55 


44 


0 


0 


0 


% 


(1) Raja is measuredwiththe devicesolderedintoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 uAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, ie = o) 
(Vcb = 50 Vdc, Ie = 0, Ta = 150'C) 


'CBO 


- 
- 
10 
10 
nAdc 
uAdc 


Emitter Cutoff Current 
(Veb = 3.0 vdc, ic = 0) 
>EBO 
— 
— 
10 
nAdc 
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MD1120,F, MD1121.F, MD1122.F, MQ1120 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 


ON CHARACTERISTICS 


Min 
Typ 
Max 
UnH 


DC Current Gain(2) 
dC = 10 uAdc, Vce = 10 Vdc) 
(lC = 100 uAdc, VCe = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 


hFE 
20 
30 
40 
50 


40 
50 
60 
65 


100 
120 
160 
200 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
80 
100 
mVdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 
VBE(sat) 
— 
700 
850 
mVdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
250 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0. f = 100 kHz) 
Cobo 
— 
3.5 
8.0 
PF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(lC = 100 ftAdc, Vce - 10 Vdc) 
Atl Devices 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
MD1122, MD1122F 


hFEl/hFE2 
0.8 
0.9 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 100 uAdc, Vce - 10 Vdc) 
All Devices 
dC = 1.0 mAdc. Vce = 10 Vdc) 
MD1122, MD1122F 


|VBE1-VBE2l 


- 
- 
10 
5.0 


mVdc 


Base-Emitter Voltage Differential Change 
Due to Temperature — MD1121. MD1122 
dC = 100uAdc,VcE =• lOVdcTA = -55 to +25°C> 
dC = 100uAdc,VcE = 10Vdc,TA = +25 to + 125'C) 


A(VBE1-VbE2> 


- 
- 
0.8 
1.0 


mVdc 


(2) Pulse Test: Pulse Width <s300 us. Duty Cycle * 2.0%. 
(3)The lowest hpg reading is taken as hp£l for this ratio. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


One Die 
All Die 


Total Device Dissipation 
@ Ta = 25°C 
MD1123, MD1130 
MD1130F 
Derate above 25°C 
MD1123, MD1130 
MD1130F 


pd 


575 
350 


3.29 
2.0 


625 
400 


3.57 
2.28 


mW 


mW/°C 


Total Device Dissipation 
@ TC = 25'C 
MD1123, MD1130 
MD1130F 
Derate above 25°C 
MD1123, MD1130 
MD1130F 


pd 


1.8 
1.0 


10.3 
5.71 


2.5 
2.0 


14.3 
11.4 


Watts 


mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERiSTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Coupling Factors 


MD1123, MD1130 
MD1130F 


MD1123, MD1130 
MD1130F 


MD1123, MD1130 
MD1130F 


(1) Raja is measuredwiththe devicesolderedintoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


Symbol 


RflJC 


RajaO) 


Symbol 


MD1123 
MD1130.F 


MD1123 
MD1130 
CASE 654-07, STYLE 1 


MD1130F 
CASE 610-A04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


One Die 


97 
175 


304 
500 


Junction to 
Ambient 


84 
75 


All Die 
Equal Power 


70 
87.5 


280 
438 


Junction to 
Case 


44 


0 


Min 
Typ 
Max 


Unit 


°CAV 


•CAV 


UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 ftAdc,Ig = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 ftAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, lE = 0) 
(Vcb = 50 vdc, i£ = o, ta = i5o°o 


'CBO 


- 
- 
10 
10 
nAdc 
uAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = 0) 
>EBO 
— 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10 uAdc, VCe = 1° Vdc) 
MD1130.F 
hFE 
60 
100 
- 


— 


dC = 100 uAdc, Vce = 10 Vdc) 
MD1123 
MD1130F 
30 
100 
80 
170 
120 
300 


dC = 1-0 mAdc, Vce = 10 Vdc) 
MD1130.F 
100 
180 
- 


dC = 10 mAdc, Vce = 10 Vdc) 
MD1123 
MD1130.F 
50 
100 
75 
150 
200 


SMALL-SIGNAL DEVICES 
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MD1123, MD1130,F 


ELECTRICAL CHARACTERISTICS (continued)(TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 Adc) 
VcE(sat) 
- 
0.18 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.8 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc. Vce = 20 Vdc, f = 100 MHz) 
MD1123 
MD1130.F 


fr 
250 
200 
600 
550 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
3.5 
4.0 
PF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 100 uAdc, VCe = 10 Vdc) 
MD1123 
MD1130.F 


hFEl'hFE2 
0.8 
0.9 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 100 uAdc, Vce = 10 Vdc) 
MD1123 
dC = 1.0 mAdc, Vce = 10 Vdc) 
MD1130.F 


IVBE1-VBE2I 


- 
- 
10 
5.0 


mVdc 


Base-Emitter Voltage Differential Change 
Due to Temperature — MD1121, MD1122 
dC = 100 uAdc, Vce = 10 Vdc. TA = +25 to + 125°C) 
MD1130.F 


A|VBElA'BE2l 


10 


mVdc 


(2) Pulse Test: Pulse Width * 300 fts, Duty Cycle < 2.0%. 
(3)The lowest heg reading is taken as hp£1 for this ratio. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


One Die 
All Die 
Equal Power 


Total Power Dissipation 
@ Ta = 25'C 
MD1129 
MD129F 
MQ1129 
Derate above 25°C 
MD1129 
MD1123F 
MQ1129 


pd 


575 
350 
400 


3.29 
2.9 
2.28 


625 
400 
600 


3.57 
2.28 
3.42 


mW 


mW/'C 


Total Device Dissipation 
@ TC = 25'C 
MD1129 
MD1129F 
MQ1129 
Derate above 25'C 
MD1129 
MD1129F 
MQ1129 


pd 


1.8 
1.0 
0.9 


10.3 
5.71 
5.13 


2.5 
2.0 
3.6 


14.3 
11.4 
20.5 


Watts 


mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


MD1129,F 
MQ1129 


MD1129 
CASE 654-07, STYLE 1 


MD1129F 
CASE 610A-04, STYLE 1 


MQ1129 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
One Die 
AH Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
MD1129 
MD1129F 
MQ1129 


RflJC 
97 
175 
195 


70 
87.5 
48.8 


•CAV 


Thermal Resistance, Junction to Ambient 
RflJAd) 
304 
500 
438 


280 
438 
292 


•CAV 


Junction to 
Ambient 
Junction to 
Case 
UnH 


Coupling Factors 
MD1129 
MD1129F 
MQ1129 (Q1-Q2) 
(Q1-Q3 or Q1-Q4) 


84 
75 
57 
55 


44 


0 


0 


0 


% 


ELECTRICAL CHARACTERiSTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc, Ib = 0) 
v(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C = 10 ftAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = lOuAdc, lc = 0) 
v(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(vCB = 50 vdc, iE = o) 
(Vcb = so vdc, ie = o, ta = i50°o 


'CBO 


- 
- 
10 
10 
nAdc 
MAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
>EBO 
— 
— 
10 
nAdc 
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MD1129.F, MQ1129 


ELECTRICAL CHARACTERiSTICS (continued) (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 


ON CHARACTERISTICS 


Min 
Typ 
Max 
UnH 


DC Current Gain{2) 
dC = 10 /iAdc, Vce = 1° Vdc) 
dC = 100 ftAdc, Vce = 1° Vdc) 
dC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 


hFE 
60 
100 
100 
100 
120 
140 


300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Is = 10 mAdc) 
MD1129,MQ1129 
MD1129F 


VcE(sat) 


- 
0.09 
0.1 
0.15 


Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1-0 mAdc) 
vBE(sat) 
— 
0.7 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc. Vce = 1° Vdc, f = 100 MHz) 
fT 
200 
250 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
3.5 
8.0 
PF 


MATCHING CHARACTERISTICS (MD1129, MD1129F) 


DC Current Gain Ratio(3) 
dC = 100 ftAdc.Vce = 10 Vdc) 
dC = 1.0 mAdc, Vce = 1° Vdc) 


hFEl'hFE2 
0.9 
0.9 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 100 uAdc, Vce = 10 Vdc) 
dC = 1.0 mAdc, Vce = 10 Vdc) 


IVBE1-VBE2I 


- 
- 
5.0 
5.0 


mVdc 


Base-Eminer Voltage Differential Change Due to Temperature 
(lC = 100 uAdc, Vce = 10 Vdc, Ta = -55 to +25'C) 
dC = 100 uAdc, Vce = 10 Vdc, TA = +25 to +125°C) 


A<Vbe1-VBE2> 


- 
- 
0.8 
1.0 


mVdc 


(1)Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width =s 300 us, Duty Cycle * 2.0%. 
(3)The lowest hpg reading is taken as hpEl for this ratio. 


MOTOROLA SEMICONDUCTORS 


5-52 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
50 
mAdc 


One Die 
Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
550 
3.14 
600 
3.42 
mW 
mW/'C 
Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
1.4 
8.0 
2.0 
11.4 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
One Die 
Both Die 
Equal Power 
Unit 


Thermal Resistance, 
Junction to Case 
RflJC 
125 
87.5 
'CAN 


Thermal Resistance, 
Junction to Ambient 
RflJAlU 
319 
292 
•CAV 


Junction to 
Ambient 
Junction to 
Case 
UnH 


Coupling Factors 
83 
40 
% 


(1) Raja is measured with the device soldered into a typical printed circuit 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted 


Characteristic 


OFF CHARACTERISTICS 


board. 


.) 


Symbol 


MD1132.F 


MD1132F 
CASE 610A-04, STYLE 1 


MD1132 
CASE 654-07, STYLE 1 


DUAL 
RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MD918 for graphs. 


Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage(2) 
dc = 3.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 
Collector-Base Breakdown Voltage 
(lc = 1.0 uAdc, Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 uAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


CollectorCutoff Current 
(Vcb = 15 Vdc, Ie = 0) 
(Vcb = 15 Vdc, Ie = 0, Ta = 150°C) 
>CBO 
10 
1.0 
nAdc 
uAdc 


ON CHARACTERISTICS 


DCCurrent Gain(2) 
dc = 1.0 mAdc, Vce = 5.0 Vdc) 
hFE 
50 
— 
— 
— 


Collector-EmitterSaturation Voltage 
(lc = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 


— 
0.2 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.7 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
(lC = 4.0 mAdc, VCe = 10 Vdc, f = 100 MHz) 
fr 
600 
800 
— 
— 


Output Capacitance 
(Vcb = 0, Ig = 0, f = 140 kHz) 
(Vcb = 10 Vdc, Ie = 0, f = 140 kHz) 
Cobo 
— 
1.5 
1.3 
3.0 
1.7 
PF 


Input Capacitance 
(Veb = °-5 Vdc, lc = 0, f = 140 kHz) 
CjDo 
— 
1.8 
2.0 
PF 


MATCHING CHARACTERISTICS 


DCCurrent Gain Ratio(3) 
dc = 1.0 mAdc, Vce = 5.0 Vdc) 
hFEl'hFE2 
0.9 
— 
1.0 
— 


Base-Emitter Voltage Differential 
dc = 1.0 mAdc, Vce - 5-0Vdc) 
iVBE1-VBE2l 


— 
— 
5.0 
mVdc 


Base-Emitter Voltage Differential Change Due to Temperature 
dC = 1.0 mAdc, Vce = 5.0 Vdc, Ta = -55 to +25'C) 
dC = 1.0 mAdc, Vce = 5.0 Vdc, Ta = +25 to +125°C) 


A(Vbei-VbE2> 


- 
- 
0.8 
1.0 


mVdc 


(2) Pulse Test: Pulse Width « 300 fts. Duty Cycle « 2.0%. 
(3) The lowest hpE reading is taken as hpEl for this ratio. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD2218,A,F,AF 
MD2219,A,F,AF 
MQ2218,A 
MQ2219,A 


MD2218,A 
MD2219.A 
CASE 654-07, STYLE 1 
MD2218F,AF 
MD2219F.AF 
CASE 610A-04, STYLE 1 
MQ2218.A 
MQ2219.A 
CASE 607-04, STYLE 1 


DUAL 
AMPUFIER TRANSISTOR 


NPN SIUCON 


THERMAL CHARACTERiSTICS 


MAXIMUM RATINGS 


MD2218AF 
MD2219AF 
MQ2218A 
MD2218AF 
1 
Rating 
Symbol 
MQ2219A 
MD2219AF 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
75 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
6.0 
Vdc 


Collector Current — Continuous 
"c 
500 
mAdc 


All Die 
Equal 
One Die 
Power 


Total Device Dissipation 
pd 
mW 
@ Ta = 25'C 
MD2218A MD2219.A 
575 
625 
MD2218F.AF, MD2219F.AF 
350 
400 
MQ2218.A. MQ2219.A 
400 
600 
mW/'C 
Derate above 25°C 
MD2218A MD2219.A 
3.29 
3.57 
MD2218F.AF. MD2219F.AF 
2.0 
2.28 
MQ2218.A, MQ2219.A 
2.28 
3.42 


Total Device Dissipation 
pd 
Watts 
@ Tc = 25'C 
MD2218A MD2219.A 
1.8 
2.5 
MD2218FAC, MD2219F.AF 
1.0 
2.0 
MQ2218.A, MQ2219.A 
0.9 
3.6 
mW/'C 
Derate above 25°C 
MD2218A MD2219.A 
10.3 
14.3 
MD2218F.AF, MD2219F.AF 
5.71 
11.4 
MQ2218A MQ2219.A 
5.13 
20.5 


Operating and Storage Junction 
Tj. T8tg 
-65 to +200 
°C 
Temperature Range 


All Die 
Characteristic 
Symbol 
One Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
°CAV 
MD2218.A. MD2219.A 
97 
70 
MD2218F.AF, MD2219F.AF 
175 
87.5 
MQ2218.A, MQ2219.A 
195 
48.8 


Thermal Resistance, Junction to Ambient 
RflJAlD 
'CAN 
MD2218A MD2219.A 
304 
280 
MD2218,FAC, MD2219,F,AF 
500 
438 
MQ2218A MQ2219.A 
438 
292 


Junction to 
Junction to 
Ambient 
Case 


Coupling Factors 
% 
MD2218A MD2219.A 
84 
44 
MD2218FAC, MD2219F.AF 
75 
0 
MQ2218A MQ2219.A (Q1-Q2) 
57 
0 
(Q1-Q3 or Q1-Q4) 
55 
0 
(1) Raja ismeasured with thedevice soldered into atypical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
v(BR)CEO 
Vdc 
dC = 10 mAdc, Ib = 0) 
MD2218.A.F, MD2219AF, MQ2218A 
MQ2219.A 
30 
— 
— 
MD2218AF, MD2219AF 
40 
— 
— 


Collector-Base Breakdown Voltage 
V(BR)CBO 
Vdc 
dC = 10 uAdc, Ie = 0) 
MD2218AF, MD2219AF, MQ2218A 
MD2219.A 
60 
— 
— 
MD2218AF, MD2219AF 
75 
— 
— 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MD2218,A,F,AF, MD2219,A)F,AF, MQ2218,A, MQ2219.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


Emitter-Base Breakdown Voltage 
(IE = 10 uAdc, lc = 0) 
MD2218AF, MD2219.A.F, MQ2218.A, 
MQ2219.A 
MD2218AF, MD2219AF 


V(BR)EBO 


5.0 
6.0 


— 
— 


Vdc 


Collector Cutoff Current 
(Vce - 50 Vdc,VEB(off) = 3.0 Vdc) 
MD2218.F, MD2219.F, MQ2218.A 
MD2218AAC, MD2219A.AF, MQ2219.A 


'CEV 


20 
15 


- 
- 


nAdc 


Base Cutoff Current 
(VCe = 50Vdc,VEB(off) = 3.0 Vdc) 
>BL 
30 
— 
— 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
MD2218AF.AF, MQ2218.A 
MD2219,A,FAC, MQ2219.A 


dC = 1.0 mAdc, Vce = 10 Vdc) 
MD2218AF.AF, M02218.A 
MD2219AF.AF, MQ2219.A 


dC = 10 mAdc, Vce = 10 Vdc) 
MD2218AF.AF, MQ2218.A 
MD2219AF.AF, MQ2219.A 


dC = 150 mAdc, Vce = 10 Vdc) 
MD2218AF.AF, MQ2218.A 
MD2219,A,FAC, MQ2219.A 


(lC = 150 mAdc, Vce = 10 Vdc) 
MD2218,AF,AF, MQ2218.A 
MD2219,A,F,AF, MQ2219.A 


dC = 300 mAdc, Vce = 10 Vdc) 
MD2218A MQ2218.A 
MD2219A MQ2219.A 


hFE 


20 
35 


25 
50 


35 
75 


20 
50 


40 
100 


25 
30 


50 
45 


55 
55 


65 
85 


65 
65 


30 
120 


75 
75 


120 
300 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
MD2218.A.F, MD2219,A,F, MQ2218A 
MQ2219.A 
MD2218AF, MD2219AF 


dC - 300 mAdc, Ib = 30 mAdc) 
MD2218AF, MD2219AF, MQ2218.A, 
MQ2219.A 
MD2218AF, MD2219AF 


VCE(sat) 


- 
0.2 


0.35 


0.4 
0.3 


1.2 
0.9 


Vdc 


Base-Emitter Saturation Voltage 
dC = ISO mAdc, Ib = 15 mAdc) 
MD2218.A.F, MD2219.A.F, MQ2218.A, 
MQ2219.A 
MD2218AF, MD2219AF 


dC = 300 mAdc, Ib = 30 mAdc)MD2218,A,F, MD2219AF, MQ2218.A, 
MQ2219.A 
MD2218AF, MD2219AF 


vBE(sat) 


0.6 
0.6 
0.95 
1.0 
1.3 
1.2 


2.0 
1.8 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
250 
— 
MHz 


Output Capacitance 
(VCB = 10 Vdc, |E = 0, f = 100 kHz) 
C0bo 
— 
3.5 
8.0 
PF 


Input Capacitance 
(VEb = 0.5 Vdc, IC = 0, f = 100 kHz) 
MD2218AF, MD2219.A.F, MQ2218A 
MQ2219.A 
MD2218AF, MD2219AF 


Cibo 


- 
15 
18 
20 
25 


PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
ELECTRICAL CHARACTERISTICS (continued) (Ta 
=• 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
vBE(off) = 0.5 Vdc,Ibi = 15 mAdc) 
MD2218.F, MD2219.F 
td 
— 
— 
20 
us 
MD2218AAC, MD2219A.AF 


MD2218.F, MD2219.F 


— 
— 
15 


Rise Time 
tr 


— 
— 
40 
Its 
MD2218A.AF, MD2219A.AF 
— 
— 
30 


Storage Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
'B1 = lB2 = 15 mAdc) 
MD2218.F. MD2219.F 
ts 
— 
— 
280 
ftS 
MD2218AAC. MD2219A.AF 


MD2218.F, MD2219.F 


— 
— 
250 


Fall Time 
tf 


— 
— 
70 
Its 
MD2218A.AF, MD2219AAC 
— 
— 
60 


(2) Pulse Test: Pulse Width =s 300 us, Duty Cycle « 2.0%. 
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FIGURE 2 - "ON" VOLTAGES 
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FIGURE 3 - 
TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL DEVICES 


MD2218,A,F,AF, MD2219,A,F,AF, MQ2218.A, MQ2219,A 


NOISE FIGURE 
(VCE-10Vdc.TA =25oC) 
FIGURE 4 - 
FREQUENCY EFFECTS 
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FIGURE 6 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 - 
SOURCE RESISTANCE EFFECTS 


vf»1.0kHi 


lC* 1.0mA J 
100fit\J 


IQfiA •• 


1 


0.1 
0.2 
OS 
1.0 
2.0 
S.0 
10 
20 
SO 
100 


RS.SOURCERESISTANCE (k OHMS) 


FIGURE 7 - 
CAPACITANCES 
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FIGURE 8 - 
TURN-ON TIME 
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FIGURE 9 - 
CHARGE DATA 
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FIGURE 10 - TURN-OFF BEHAVIOR 


300 


r, 


lc/li 
= 11 


=- 'c''t 


lc/ i =10 
• 


LOVrGAI NT\rPES 
Tj- »5°C 


10 
20 
30 
50 
70 
100 


lc. COLLECTOR CURRENT (mAI 


FIGURE 11 - 
DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 
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FIGURE 12 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


200 
300 


RISE TIME <s 3.0% 
DUTY CYCLE = 2.0% 


♦30 V 


♦1S.2 V 


> 200 ns 


5-58 


SCOPE 
Rin> 100 k ohms 
Cin< 12PF 
RISE TIME < 5.0 ni 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 
Collector-Base Voltage 
vcbo 
40 
Vdc 
Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


One Die 
All Die 
Equal Power 


Total Device Dissipation 
@ TA = 25'C 
MD2369AB 
MD2369FAF.BF 
MQ2369 
Derate above 25°C 
MD2369AB 
MD2369FAC,BF 
MQ2369 


pd 


550 
350 
400 


3.14 
2.0 
2.28 


600 
400 
600 


3.42 
2.28 
3.42 


mW 


mwrc 


Total Device Dissipation 
@ Tc = 25X 
MD2369AB 
MD2369FAC,BF 
MQ2369 
Derate above 25°C 
MD2369AB 
MD2369FAC,BF 
MQ2369 


pd 


1.4 
0.7 
0.7 


8.0 
4.0 
4.0 


2.0 
1.4 
2.8 


11.4 
80 
16 


Watts 


mW/X 


Operating and Storage Junction 
Temperature Range 
Tj. TStg 
-65 to +200 
"C 


THERMAL CHARACTERISTICS 


ID2369,A)B 
MD2369MF.BF 
MQ2369 


MD2369AB 
CASE 654-07, STYLE 1 


MD2369F.AF.BF 
CASE 610A-04, STYLE 1 


MQ2369 
CASE 607-04, STYLE 1 


DUAL 
GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


All Die 
Characteristic 
Symbol 
One Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
°CAV_ 
MD2369AB 
125 
87.5 
MD2369F.AF.BF 
250 
125 
MQ2369 
250 
62.6 


Thermal Resistance, Junction to Ambient 
RflJAlD 
XAV 
MD2369AB 
319 
292 
MD2369FAC,BF 
500 
438 
MQ2369 
438 
292 


Junction to 
Junction to 
Ambient 
Case 


Coupling Factor 
MD2369AB 
83 
40 
% 
MD2363F,AF,BF 
75 
0 
MQ2369 (Q1-Q2) 
57 
0 
(Q1-Q3 or Q1-Q4) 
55 
0 


(1) RflJAis measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
15 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 ftAdc, Ig = 0) 
v(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc,lc = 0) 
v(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(vCb = 20 vdc, iE = o) 
(VCB = 20 Vdc, Ie = 0, TA = +150X) 


'CBO 


- 
- 
0.03 
30 


ftAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
hFE 
1 
(lC = 10 mAdc, VCe = 10 Vdc) 
40 
95 
140 
dC = 10 mAdc, Vce = LO Vdc, Ta = -55X) 
20 
— 
— 
| 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = LOmAdc) 
VCE(sat) 
— 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = LO mAdc) 
VBE(sat) 
0.7 
— 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 10 mAdc, Vce = 10 Vdc,f = 100 MHz) 
fT 
500 
800 
— 
MHz 


Output Capacitance 
(Vcb = 50 Vdc, Ig = 0, f = 100 kHz) 
C0bo 
— 
— 
4.0 
PF 


Input Capacitance 
(Vbe = lo vdc, ic = o, f = ioo mhz) 
Cibo 
— 
— 
4.0 
PF 


SWITCHING CHARACTERISTICS 


Storage Time 
(Vcc = 10Vdc. lc = Ifll = lB2 = 10 mAdc) 
«s 
— 
— 
13 
ns 


Turn-On Time 
(Vcc = 3.0 Vdc,VBE(off) = 1-5Vdc,lc = 10 mAdc,Ibi = 3.0 mAdc) 
•on 
— 
— 
15 
ns 


Turn-Off Time 
(Vcc = 30 Vdc.lc = 10 mAdc,Ibi = 3.0 mAdc,Ib2 = L5 mAdc) 
toff 
— 
— 
20 
ns 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
(lC = 3.0 mAdc, Vce = 1° Vdc) 
MD2369A. MD2369AF 
MD2369B. MD2369BF 


f>FE1™FE2 
0.9 
0.8 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 3.0 mAdc,Vce = 10 Vdc) 
MD2369A, MD2369AF 
MD2369B, MD2369BF 


|VBE1-VBE2l 


- 
- 
5.0 
10 


mVdc 


Base-Emitter Voltage Differential Gradient 
dC = 3.0 mAdc, Vce = L0 Vdc, 
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(2) Pulse Test: Pulse Width <s300 fts, Duty Cycle * 2.0%. 
(3)The lowest hpE reading is taken as hpEl for this test. 
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FIGURE 3 - 
TURN-OFF TIME 
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FIGURE 4 - 
TURN-ON TEST CIRCUIT 
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FIGURE 6 - CAPACITANCE 
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FIGURE 10 - 
COLLECTOR SATURATION REGION 
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FIGURE 5 - 
TURN OFF TEST CIRCUIT 
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FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 9 - "ON" VOLTAGES 
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FIGURE 11 - 
TEMPERATURE COEFFICIENTS 
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MD2904,A,F,AF 
MD2905,ArF,AF 
MQ2904, MQ2905A 


MD2904.A 
MD2905.A 
CASE 654-07, STYLE 1 


MD2904F.AF 
MD2905F.AF 
CASE 610A-04, STYLE 1 


MQ2904 
MQ2905A 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


MD2904.F 
MD2904AAF 
MD2305.F 
MD2905A.AF 
Rating 
Symbol 
MQ2904 
MQ2905A 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
60 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
600 
mAdc 


All Die 
One Die 
Equal Power 


Total Device Dissipation 
pd 
mW 
@ Ta = 25X 
MD2904A MD2905.A 
575 
625 
MD2904F.AF. MD2905.AF 
350 
400 
MQ2904, MQ2905A 
400 
600 
mW/X 


Derate above 25X 
MD2904A MD2905.A 
3.29 
3.57 
MD2904.F.AF, MD2905F.AF 
2.0 
2.28 
MQ2904, MQ2905A 
2.28 
3.42 


Total Device Dissipation 
pd 
Watts 
@ TC = 25X 
MD2904.A, MD2S05.A 
1.8 
2.5 
MD2904F.AF, MD290SF.AF 
1.0 
2.0 
MQ2904, MQ290SA 
0.9 
3.6 
mW/X 


Derate above 25X 
MD2904A MD2905.A 
10.3 
14.3 
MD2904F.AF. MD2905F.AF 
5.71 
11.4 
MQ2904, MQ2905A 
5.13 
20.5 


Operating and Storage Junction 
Tj. Tstg 
-65 to +200 
X 
Temperature Range 


THERMAL CHARACTERISTICS 


All Die 
Characteristic 
Symbol 
One Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
XAV 
MD2904A MD2905.A 
97 
70 
MD2904FAC. MD2905F.AF 
175 
87.5 
MQ2904, MQ2905A 
195 
48.8 


Thermal Resistance, Junction to Ambient 
RflJA") 
XAV 
MD2904A MD2905.A 
304 
280 
MD2904F.AF, MD2905FAC 
500 
438 
MQ2904, MQ2905A 
438 
292 


Junction to 
Junction to 
Ambient 
Case 


Coupling Factor 
% 
MD2904.A, MD2905.A 
84 
44 
MD2904FAC. MD2905FAC 
75 
0 
MQ2904, MQ2905A (01-02) 
57 
0 
(Q1-Q3 or (31-04) 
55 
0 


(1) Raja ismeasured with the device soldered intoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc, Ib = 0) 
MD2904, MD2905 
MD2904A, MD2905A 


V(BR)CEO 
40 
60 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
(IC = 10 MAdc, Ig = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 ftAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie = 0) 
(Vcb = 50Vdc, Ie •=» O, Ta = 150X) 


'CBO 


_ 


- 
0.020 
30 


ivcAdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


1 Emitter Cutoff Current 
1 (Vbe =3.o vdc. ic =o) 
•ebo 
— 
— 
30 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 0.1 mAdc. Vce ° 10 Vdc) 
MD2904 
MD2904A 
MD2905 
MD2905A 


dC = 1.0 mAdc, Vce = 10 Vdc) 
MD2904 
MD2904A 
MD2905 
MD2905A 


dC = 10 mAdc, Vce = 10 Vdc) 
MD2904 
MD2904A 
MD2905 
MD2905A 


dc = 150 mAdc, VCe = 10 Vdc) 
MD2904A 
MD2905.A 


dC = 500 mAdc. Vce = 10 Vdc) 
MD2904 
MD2904A 
MD2905 
MD2905A 


hFE 
20 
40 
35 
75 


25 
40 
50 
100 


35 
40 
75 
100 


40 
100 


20 
40 
30 
50 


50 
70 
70 
150 


75 
75 
100 
175 


90 
90 
110 
200 


90 
200 


60 
80 
130 
150 


120 
300 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc. Ib = 15 mAdc) 
(lC = 500 mAdc. Ib = 50 mAdc) 


VcE(sat) 


- 
0.25 
0.5 
0.4 
1.6 


Vdc 


Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 


- 
0.88 
1.0 
1.3 
2.6 


Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product(3) 
dc = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
320 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, |E = 0, f = 100 kHz) 
C0bo 
— 
5.8 
8.0 
PF 


Input Capacitance 
(Vbe = 2.0 Vdc, lc = 0. f = 100 kHz) 
Cibo 
— 
16 
30 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc - 30 Vdc, VBe = 0.5 Vdc. 
Ic = 150 mAdc, 
Igi = 15 mAdc) 


*on 
— 
— 
45 
ns 


Delay Time 
td 
— 
— 
12 
ns 


Rise Time 
tr 
— 
— 
35 
ns 


Turn-Off Time 
(Vcc ~ 30 Vdc, 
lC = 150 mAdc, 
IBI = 'B2 = 15 mAdc) 


toff 
— 
— 
130 
ns 


Storage Time 
ts 


— 
— 
100 
ns 


Fail Time 
tf 
- 
- 
40 
ns 


(2) Pulse Test: Pulse Width < 300 fts, Duty Cycle < 2.0%. 
(3) Pulse Test: Pulse Width « 300 its, Duty Cycle < 2.0%. 
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FIGURE 5 - SOURCE RESISTANCE EFFECTS 
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FIGURE 6 - 
CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 7 - CAPACITANCE 
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FIGURE 10 - 
STORAGE TIME 
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FIGURE 12 - 
DELAY AND RISE 
TIME TEST CIRCUIT 
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FIGURE 13 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-Base Voltage 
Vcbo 
50 
Vdc 
Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


All Die 
One Die 
Equal Power 
Total Device Dissipation 
pd 
mW 
@ Ta = 25*C 
MD3250A MD3251.A 
575 
625 
MD3250F.AF, MD3251F.AF 
350 
400 
MQ3251 
400 
600 
Derate above 25°C 
mVWC 
MD3250A MD3251.A 
3.29 
3.57 
MD3250FAC. MD3251F.AF 
2.0 
2.28 
MQ3251 
2.28 
3.42 
Total Device Dissipation 
pd 
Watts 
@ Tc = 25'C 
MD3250A MD3251A 
1.8 
2.5 
MD3250FAC, MD3251F.AF 
1.0 
2.0 
MQ3251 
0.9 
3.6 
Derate above 25°C 
mWVC 
MD3250A MD3251.A 
10.3 
14.3 
MD3250FAC. MD3251F.AF 
5.71 
11.4 
MQ3251 
5.13 
20.5 
Operating and Storage Junction 
TJ.Tstg 
-65 to +200 
•c 
Temperature Range 


THERMAL CHARACTERISTICS 


MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 


MD3250.A 
MD3251.A 
CASE 654-07, STYLE 1 


MD3250F.AF 
MD3251F.AF 
CASE 610A-04, STYLE 1 


MQ3251 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


All Die 
Characteristic 
Symbol 
One Die 
Equal Power 
Unit 
Thermal Resistance, Junction to Case 
RflUC 
"CAV 
MD3251A MD3251.A 
97 
70 
MD3250F.AF, MD3251F.AF 
175 
87.5 
MQ3251 
195 
48.8 
Thermal Resistance. Junction to Ambient 
RftiAO) 
"CAV 
MD3250A MD3251.A 
304 
280 
MD3250F.AF. MD3251F.AF 
500 
438 
MQ3251 
438 
292 


Junction to 
Junction to 
Ambient 
Case 
Coupling Factors 
% 
MD3250A MD3251.A 
84 
44 
MD3250F.AF, MD3251F.AF 
75 
0 
MQ3251 (Q1-Q2) 
57 
0 
(Q1-Q3 or Q1-Q4) 
55 
0 
(1)R&JA *smeasured with the device soldered into a typical printed circuit board 


ELECTRICAL CHARACTERISTICS (Ta = 2SXunlessotherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage(2) 
»C = 10 mAdc. Ib = 0) 


Collector-Base Breakdown Voltage 
(lC = 10 AiAdc. IE = 0) 


Emitter-Base Breakdown Voltage 
dE ° 10 AiAdc, lc = 0) 


Collector Cutoff Current 
(Vcb = 40 Vdc. IE = 0) 
(VCB " 40 Vdc. Ie = 0. Ta 


Emitter Cutoff Current 
(VBE ° 30 VdC ic ° 0) 


150°C) 


SMALL-SIGNAL DEVICES 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'CBO 


>EBO 


Min 
Typ 
Max 


40 


50 


5.0 


10 


Unit 


Vdc 


Vdc 


Vdc 


nAdc 
ftAdc 


nAdc 


MOTOROLA SEMICONDUCTORS 


MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 


ELECTRICAL CHARACTERISTICS (continued) (Ta - 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 
| 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 10 ftAdc, VcE = 5.0 Vdc) 
MD3250AF.AF 
MD3251AF.AF 


(lC = 100pAdc, Vce = 5.0 Vdc) 
MD32S0AF.AF 
MD3251AF.AF 


M 0.3251 


(lC= 100ftAdc, Vce = 5.0Vdc,Ta = -55°C) 
MD3250AF.AF 
MD3251AF.AF 


(lC = 1.0 mAdc,Vce = 5.0 Vdc) 
MD3250AFAC 
MD3251AF.AF 
MQ3251 


dC = 10 mAdc, Vce = 5.0Vdc) 
MD3250AF.AF 
MD3251AF.AF 
MQ3251 


dC = 50 mAdc, VcE = 5.0Vdc) 
MD3250.A.F.AF 
MD3251AF.AF 
MQ3251 


hFE 
25 
50 


50 
80 
80 


25 
50 


50 
100 
100 


50 
100 
100 


15 
30 
30 


75 
100 


82 
170 
170 


35 
75 


87 
180 
180 


92 
190 
190 


50 
90 
90 


150 
300 


150 
300 


300 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 


VcE(sat) 


- 
0.11 
0.18 
0.25 
0.5 


Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
(lC = 50 mAdc, Ib = 5.0 mAdc) 


VBE(sat) 
0.6 
0.78 
0.88 
0.9 
1.2 


Vdc 


SMALL-StGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100MHz) 
MD3250AF.AF 
MD3251AFAC 
MQ3251 


«T 
200 
250 
300 


600 
600 
600 


- 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
2.5 
6.0 
pF 


Input Capacitance 
(VBe = 10 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
6.0 
8.0 
pF 


MATCHING CHARACTERISTICS (MD3250AFAF & MD3251AF.AF ONLY) 


DC Current Gain Ratio(3) 
(lC = 100 ftAdc. Vce = S.O Vdc) 
(lC = 1.0 mAdc, Vce = 5.0 Vdc) 


hFEl'hFE2 
0.9 
0.9 


- 
1.0 
1.0 


Base-Emitter Voltage Differential 
dC = 100 /iAdc. Vce = 5.0 Vdc) 
dC = 10Mdc. Vce = 5.0Vdc) 
(lC = ;10mAdc,Vce = 5.0 Vdc) 


|VBE1"vBE2l 


- 
- 


3.0 
5.0 
5.0 


mVdc 


Base-Emitter Voltage Differential Change Due to Temperature 
dC = 100/iAdc,VcE = 5.0Vdc, Ta = -55 to +25',C) 
(lC = 100jiAdc, Vce = 5.0Vdc. Ta = +25 to +125'C) 


A|Vbei/VbE2I 


- 
- 
0.8 
1.0 


mVdc 


(2) Pulse Test: Pulse Width * 300 fts. Duty Cycle =s2.0%. 
(3)The lowest hpg reading is taken as hp£1for this ratio. 
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FIGURE 6 - "ON" VOLTAGE 
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FIGURE 7 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
VebO 
5.0 
Vdc 


Collector Current — Continuous 
"C 
500 
mAdc 


One Die 


Both Die 
Equal 
Power 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
575 
3.29 
625 
3.57 
mW 
mWVC 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.8 
10.3 
2.5 
14.3 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj.Tjtg 
-65 to +200 
"C 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
One Die 
Both Die 
Equal Power 
Unit 


Thermal Resistance, 
Junction to Case 
RflJC 
97 
70 
'CAN 


Thermal Resistance, 
Junction to Ambient 
RflJAdl 
304 
280 
'CAN 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factors 
84 
44 
% 


MD3409 
MD3410 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to MD2218 for graphs. 


(1) RftjA Is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Typ 
| 
Max 
| 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 ftAdc, Ib - 0) 
V(BR)CEO 
30 
— 
— 
Vdc 
Collector-BaseBreakdown Voltage 
dc = 10 ftAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 
Emitter-Base Breakdown Voltage 
(l£ = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 
CollectorCutoff Current (Vcb = 50 Vdc, Ie = 0) 
(Vcb = 50 Vdc, Ie = 0, Ta = 150°C) 
>CBO 
z 
z 
10 
10 
nAdc 
ftAdc 
Emitter Cutoff Current 
(Vbe = 30 Vdc, lc - 0) 
'EBO 
— 
— 
10 
nAdc 


ON CHARACTERISTICS 
JDC Current Gain(2) 
dC = 10 ftAdc, Vce = 10 Vdc) 
MD3410 
dC = 100 ftAdc, Vce = 10 Vdc) 
Both Devices 
dC = 1.0 mAdc, Vce = 10 Vdc) 
Both Devices 
dC = 10 mAdc, Vce = 1° Vdc) 
Both Devices 


hFE 
20 
30 
40 
50 


40 
50 
60 
65 


100 
120 
160 
200 
Collector-EmitterSaturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 


— 
0.09 
0.15 
Vdc 
Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.7 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
250 
- 
MHz 


Output Capacitance (Vcb = 10 Vdc. l£ = 0, f = 1.0 MHz) 
C0bo 
— 
3.5 
8.0 
PF 
Input Capacitance (Vbe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
Cjbo 
- 
15 
25 
pF 
MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential Change Due to Temperature 
dC = 100 ftAdc, Vce = 10 Vdc, 
MD3409 
Ta = -55"Cto+25°C) 
MD3410 
(lC = 100 ftAdc, Vce = 10 Vdc. 
MD3409 
Ta = +25°Cto+125X) 
MD3410 


IVBE1-VBE2I 


- 


— 


1.6 
0.8 
2.0 
1.0 


mVdc 


(2) Pulse Test: Pulse Width « 300 fts, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
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MD3467.F 
MQ3467 


MD3467 
CASE 654-07, STYLE 1 
MD3467F 
CASE 610A-04, STYLE 1 
MQ3467 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.5 
Adc 


One Die 
All Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25"C 
MD3467 
MD3467F 
MQ3467 
Derate above 25°C 
MD3467 
MD3467F 
MQ3467 


pd 


600 
350 
400 


3.42 
2.0 
2.28 


650 
400 
600 


3.7 
2.28 
3.42 


mW 


mW7°C 


Total Device Dissipation 
@ Tc = 25'C 
MD3467 
MD3467F 
MQ3467 
Derate above 25°C 
MD3467 
MD3467F 
MQ3467 


pd 


2.1 
1.25 
1.0 


12 
7.15 
5.71 


3.0 
2.5 
4.0 


17.2 
14.3 
22.8 


Watts 


mW/'C 


Operating and Storage Junction 
Temperature Range 
tj. Tstg 
-65 to +200 
°C 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
MD3467 
MD3467F 
MQ3467 


R&jc 
83.3 
140 
175 


58.3 
70 
43.8 


"CAV 


Thermal Resistance, Junction to Ambient 
MD3467 
MD3467F 
MQ3467 


RflJAlD 
292 
500 
438 


270 
438 
292 


"CAN 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factors 
MD3467 
MD3467F 
MQ3467 (01-02) 
(Q1-Q3 or Q1-Q4) 


85 
75 
57 
55 


40 


0 


0 


0 


% 


(1) RfljA Is measuredwiththe devicesoldered into a typical printedcircuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
<lc = 10 mAdc. Ib = 0) 
V(BR)CEO 
40 
— 
- 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 /iAdc, Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o. ta = iocw:) 
'CBO 
— 
— 
10 
ftAdc 


Emitter Cutoff Current 
(Vbe = 30 Vdc, ic = o) 
>EBO 
— 
— 
100 
nAdc 


MOTOROLA SEMICONDUCTORS 
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5-72 


MD3467,F, MQ3467 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'C unlessotherwise noted.) 


Characteristic 


ON CHARACTERISTICS 
Symbol 
Min 
Typ 
Max 
Unit 
| 


DC Current Gain 
dC = 500 mAdc, Vce = 10 Vdc) 
hFE 
20 
- 
- 
- 


Collector-Emitter Saturation Voltage 
(lC = 500 mAdc, Ib = 50 mAdc) 
VCE(sat) 
— 
0.32 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
VBE(sat) 
— 
0.95 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VCe = 10 Vdc, f = 100 MHz) 
fT 
150 
220 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc. IE = 0. f = 140 kHz) 
C0bo 
— 
8.5 
20 
PF 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0, f = 140 kHz) 
Cjbo 
— 
22 
80 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = 30 Vdc, Vbe = 2.0 Vdc, 
lC = 500 mAdc, Ibi = 60 mAdc) 
td 


— 
7.0 
10 
ns 


Rise Time 
tr 
— 
17 
30 
ns 
Storage Time 
(Vcc = 30 Vdc, lc = 500 mAdc, 
'B1 = 'B2 = 50 mAdc) 
ts 


— 
58 
80 
ns 


Fall Time 
tf 
— 
14 
30 
ns 
(2)Pulse Test: Pulse Width « 300 fts, Duty Cycle « 2.0%. 
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FIGURE 3 - "ON" VOLTAGE 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 6 - TURN-ON TIME 
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FIGURE 8 - STORAGE TIME 
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FIGURE 7 - 
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FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 11 -CAPACITANCE 
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MD3725.F 
MQ3725 


MD3725 
CASE 654-07, STYLE 1 


MD3725F 
CASE 610A-04, STYLE 1 


MQ3725 
CASE 607-04, STYLE 1 


DUAL 
AMPUF1ER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 1 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
vcbo 
65 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
'c 
1.0 
Adc 


Ail Die 
One Die 
Equal Power 


Total Device Dissipation 
@ TA = 25*C 
MD372S 


pd 


600 
650 


mW 


. MD3725F 
350 
400 


MQ3725 
400 
600 
Derate above 25°C 
mVW°C 


MD3725 
3.42 
3.7 


MD3725F 
2.0 
2.28 


MQ3725 
2.28 
3.42 


Total Device Dissipation 
@ Tc = 25°C 
MD3725 


pd 


2.1 
3.0 


Watts 


MD3725F 
1.25 
2.5 


MQ3725 
1.0 
4.0 
Derate above 25°C 
mW/°C 


MD3725 
12 
17.2 


MD3725F 
7.15 
14.3 


MQ3725 
5.71 
22.8 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


All Die 
Characteristic 
Symbol 
One Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
MD3725 
RflUC 
83.3 
58.3 


"CAV 


MD3725F 
140 
70 


MQ3725 
175 
43.8 


Thermal Resistance, Junction to Ambient 
MD3725 
RflJAlD 
292 
270 
"CAV 


MD372SF 
500 
438 
MQ3725 
433 
292 


Junction to 
Junction to 
Ambient 
Case 


Coupling Factor 
MD3725 
85 
40 
% 
MD3725F 
75 
0 
MQ3725 
(Q1-Q2) 
57 
0 
(Q1-Q3, Q1-Q4) 
65 
0 
I 
(1) RgjA ismeasured with the device soldered intoa typical printed circuit board. 


ELECTRICAL CHARACTERiSTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage(2) 
(lC " 10mAdc, Ib = 0) 


Collector-Emitter Breakdown Voltage 
dc ° io MAdc, Vbe ° n> 


Collector-Base Breakdown Voltage 
dC " 100^Adc,Ig ° 0) 


Emitter-Base Breakdown Voltage 
(lE ° 10MAdc, lc = 0) 


Collector Cutoff Current 
(vCB = 40 vdc, Ie = o) 
(VCB « 40 Vdc,Ig ° 0, Ta = 100*C) 


MOTOROLA SEMICONDUCTORS 
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Symbol 


V(BR)CEO 


V(BR)CES 


V(BR)CBO 


V(BR)EBO 


•CBO 


Min 


40 


65 


65 


6.0 


Typ 


0.12 


Max 


1.7 
120 


| 
Unit 
| 


Vdc 


Vdc 


Vdc 


Vdc 


MAdc 
MAdc 


SMALL-SIGNAL DEVICES 


MD3765,F, MQ3725 


ELECTRICAL CHARACTERISTICS (continued)(Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


ON CHARACTERISTICS(2) 


DC Current Gain 
dc = 100 mAdc, Vce = 10 Vdc) 
(lC = 500 mAdc, Vce = 2.0 Vdc) 


hpE' 
50 
30 


- 
150 


*~ 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
(lC - 500 mAdc, Ib = 50 mAdc) 


VCE(sat) 


- 
0.19 
0.30 
0.26 
0.45 


Vdc 


Base-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 


0.80 


- 
0.86 
1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
200 
— 
— 
MHz 


Output Capacitance 
(VCB = 10 Vdc, lE = 0, f = 100 kHz) 
C0bo 
— 
— 
10 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc - 0, f = 100 kHz) 
Cjbo 
— 
— 
65 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 500 mAdc, Ibi = 50 mAdc, VBE(off) = 3.8 Vdc) 
'on 
— 
20 
45 
ns 


Turn-Off Time 
(Vcc = 30 Vdc. lc = 500 mAdc, IB1 = Ib2 = 50 mAdc) 
toff 
— 
50 
75 
ns 


(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle « 2.0%. 


TYPICAL DC CHARACTERiSTICS 
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FIGURE 4 - 
TEMPERATURE COEFFICIENTS 
FIGURE 3 - 
COLLECTOR SATURATION REGION 
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MOTOROLA SEMICONDUCTORS 


MD3765,F, MQ3725 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE S - 
CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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FIGURE 9 - 
SWITCHING TIME TEST CIRCUIT 
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FIGURE 8 - 
TURN-OFF TIME 
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FIGURE 10 - COLLECTOR CUTOFF CURRENT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.5 
Adc 


All Die 
One Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
MD3762 


PD 


600 
650 


mW 


MD3762F 
350 
400 
MQ3762 
400 
600 
Derate above 25°C 
mWVC 
MD3762 
3.42 
3.7 
MD3762F 
2.0 
2.28 
MQ3762 
2.28 
3.42 


Total Device Dissipation 
@ Tc = 25°C 
MD3762 


Pd 


2.1 
3.0 


Watts 


MD3762F 
1.25 
2.5 
MQ3762 
1.0 
4.0 
Derate above 25°C 
mW/°C 
MD3762 
12 
17.2 
MD3762F 
7.15 
14.3 
MQ3762 
5.71 
22.8 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•C 


THERMAL CHARACTERISTICS 


MD3762.F 
MQ3762 


MD3762 
CASE 654-07, STYLE 1 


MD3762F 
CASE 610A-04, STYLE 1 


MQ3762 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
MD3762 
MD3762F 
MQ3762 


Raic 
83.3 
140 
175 


58.3 
70 
43.8 


"CAV 


Thermal Resistance, Junction to Ambient 
MD3762 
MD3762F 
MQ3762 


RflJAlD 
292 
500 
438 


270 
438 
292 


°CAV 


" 
Junction to 
Ambient 
Junction to 
Case 


Coupling Factors 
MD3762 
MD3762F 
MQ3762 
(Q1-Q2) 
(Q1-Q3, Q1-Q4) 


85 
75 
57 
55 


40 


0 


0 


0 


% 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERiSTICS (Ta = 25°Cunless otherwise noted.) 
I 
Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, lB = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 /uAdc, Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, i£ = o) 
(vCb = 30 vdc, iE = o, ta = iooxi 


'CBO 


- 
- 
100 
10 
nAdc 
ftAdc 


Emitter Cutoff Current 
(Vbe = 3.0 vdc, ic = o) 
>EBO 
— 
— 
100 
nAdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD3762.F, MQ3762 


ELECTRICAL CHARACTERISTICS (continued) (Ta =• 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
J 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 10 Adc, VCe = 20 Vdc) 
*FE 
20 
40 
— 
— 


Collector-Emitter Saturation Voltage 
(lC = 1.0 Adc, Ib = 0.1 Adc) 
VCE(sat) 
— 
0.52 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 1.0 Adc, Ib = 0.1 Adc) 
VBE(sat) 
— 
1.05 
1.4 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
150 
220 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 140 kHz) 
C0bo 
— 
8.5 
20 
pF 


Input Capacitance 
(VBe = 0-5 Vdc, lc = 0, f = 140 kHz) 
Cibo 
— 
22 
80 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
(VCC = 30 Vdc,VBE(off) = 2.0 Vdc, 
lC = 1.0 Adc, Ibi = 100 mAdc) 
td 


— 
5.0 
10 
ns 


Rise Time 
tr 
— 
18 
30 
ns 


Storage Time 
(Vcc = 30 Vdc, lc = 1.0 Adc, 
>B1 = >B2 = 100 mAdc) 
ts 


— 
45 
80 
ns 


Fall Time 
tf 
- 
18 
30 
ns 


(2) Pulse Test: Pulse Width =s300 fts. Duty Cycle <s 2.0%. 
(3)fr is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 - 
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FIGURE 3 - "ON" VOLTAGE 


—1 
-Tj- 25°C 


tlrl B" to. 


•' J0V-- 
-VBF tonj" 


vc :(at)< 
B' 


10 
20 
30 
SO 
70 
100 
200 
300 
500 700 1000 
lC.COLLECTOR CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


o 
> 
juO.8 


o 
t 
0.6 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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MD3762.F, MQ3762 


FIGURE S - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 8 - TURN-ON TIME 
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FIGURE 8 - STORAGE TIME 
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FIGURE 10 - 
SWITCHING TIME TEST CIRCUIT 
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FIGURE 7 - RISE AND FALL TIME 
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FIGURE 9 - 
FALL TIME 
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FIGURE 11 - CAPACITANCE 
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MOTOROLA SEMICONDUCTORS 


MD4260 
MD4261 


CASE 654-07, STYLE 1 


DUAL 
RF AMPLIFIER 


PNP SILICON 


Refer to 2N4260 for graphs. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
12 
Vdc 
Collector-Base Voltage 
Vcbo 
12 
Vdc 
Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


One Die 
Both Die 
Total Device Dissipation@ Ta = 25°C 
Derate above 25'C 
pd 
550 
3.14 
600 
3.42 
mW 
mW/°C 
Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
1.4 
8.0 
2.0 
11.4 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Ambient 
Junction to 
Case 
Unh 


Thermal Resistance 
One Die 
Effective, Both Die 
319 
292 
125 
87.5 


XAV 


Coupling Factor 
83 
40 
% 


Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 10 mAdc, Iq = 0) 
V(BR)CEO 
12 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ig = 0) 
v(BR)CBO 
12 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 ftAdc. lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vce = 12 Vdc, Ib = 0) 
'CEO 


— 
1.0 
ftAdc 


Collector Cutoff Current 
(Vcb = 10 Vdc, Ig = 0) 
'CBO 


— 
10 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 10 mAdc, Vce = 10 Vdc) 
dc = 30 mAdc, Vce = 2.0 Vdc) 
hFE 
30 
20 
200 
— 


Collector-Emitter Saturation Voltage 
dc - 10 mAdc, Ig = 1.0 mAdc) 
VcE(sat) 


— 
0.3 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib - 1.0 mAdc) 
vBE(sat) 


— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 0.5 mAdc, Vce - 4-° Vdc, f - 100 MHz) 
dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
1.0 
1.5 


— 
GHz 


Output Capacitance 
(Vcb = 3.0 Vdc, Ig = 0, f = 100 kHz) 
C0bo 


— 
2.5 
pF 
Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cjbo 


— 
2.5 
PF 
Collector Base Time Constant 
dc = 5.0 mAdc, Vce = 40 Vdc, f = 31.8 MHz) 
dC = 10 mAdc, Vce = 10 Vdc, f = 31.8 MHz) 
rb'Cc 
35 
30 
ps 


MATCHING CHARACTERISTICS (MD4261 only) 


DC Current Gain Ratiod) 
(lC = 10 mAdc. Vce = 10 Vdc) 
hFE1^FE2 
0.8 
1.0 
— 


Base-Emitter Voltage Differential 
(lC = 10 mAdc, Vce = 10 Vdc) 
IVBE1-VBE2I 
— 
10 
mVdc 


(1)The lowest hFE reading is taken as hpgi for this ratio. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
20 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current Continuous 
'C 
50 
mAdc 


One Side 
Both 
Sides 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
1.7 
400 
2.3 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
"C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MD5000,A,B 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2N3307 for graphs. 


Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage 
dc = 3.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, l£ = 0) 
V<BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, \q = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ie = 0) 
(Vcb = 15 Vdc, Ie = 0, Ta = 150'C) 
'CBO 
— 
0.010 
1.0 
iviAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 3.0 mAdc, Vce = 1-° Vdc) 
hFE 
20 
50 
— 
— 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ig = 1.0 mAdc) 
VCE(sat) 


— 
— 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC =» 4.0 mAdc, VCe = 10 Vdc, f = 100 MHz) 
TT 
600 
900 
— 
MHz 


Output Capacitance 
(VCB " 10 Vdc, Ie = 0, f = 140 kHz) 
C0bo 
— 
— 
1.7 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 140 kHz) 
Cibo 
— 
— 
2.0 
pF 


Noise Figure 
dC = 1.0 mAdc, Vce = 6.0 Vdc, f = 60 MHz,Rg = 400 ohms) 
NF 
— 
3.0 
6.0 
dB 


FUNCTIONAL TEST 


Amplifier Power Gain 
I 
(lc = 6.0 mAdc, Vcb = 12 Vdc, RG = RL = 50 ohms, f = 200 MHz) 
Gpe 
15 
20 
— 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratiod) 
dC = 4.0 mAdc, Vce = 10 Vdc) 
MD5000 
MD5000A 
MD5000B 


hpEl/hFE2 


0.9 
0.8 


0.7 
1.0 
1.0 


Base-Emitter Voltage Differential 
dC = 4.0 mAdc, Vce = 10 Vdc) 
MD5000 
MD5000A 
MD5000B 


|VbE1-vBE2I 


- 
5.0 
5.0 
10 


mVdc 


Base-Emitter Voltage Differential Gradient 
dC = 4.0 mAdc, Vce = 10 Vdc, Ta = -55 to + 125'C) 
MD5000 
MD5000A 
MD5000B 


A(VBE1-VbE2) 
ATA 


- 
10 
10 
20 


nvrc 


(1)The lowest hpE reading is taken as hpEl for this ratio. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD6001.F 
MD6002yF 
MD6003.F 
MQ6001, MQ6002 
MD6001 
MD6002 
MD6003 
CASE 654-07, STYLE 5 
MD6001F 
MD6002F 
MD6003F 
CASE 610A-04, STYLE 1 
MQ6001 
MQ6002 
CASE 607-04, STYLE 1 
COMPLEMENTARY DUAL 
GENERAL PURPOSE 
TRANSISTOR 
NPN/PNP SIUCON 


THERMAL CHARACTERiSTICS 


MAXIMUM RATINGS 


MD6001.F 
MD6003 
MD6O02.F 
Rating 
Symbol 
MD6003F MQ6001.2 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
| 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
500 
mAdc 


All Die 
Equal 
One Die 
Power 


Total Device Dissipation @ Ta = 25°C 
pd 
mW 
MD6001,2,3 
575 
625 
MD6001F,2F,3F 
350 
400 
MQ6001.2 
400 
600 
Derate above 25°C 
MD6001,2,3 
3.29 
3.57 
mW/°C 
MD6001F,2F,3F 
2.0 
2.28 
MQ6001,2 
2.28 
3.42 


Total Device Dissipation @ Tc = 25°C 
pd 
Watts 
MD6001,2,3 
1.8 
2.5 
MD6001F,2F,3F 
1.0 
2.0 
MQ6001.2 
0.9 
3.6 
Derate above 25°C 
mW/°C 
MD6001,2,3 
10.3 
14.3 
MD6001F,2F,3F 
5.71 
11.4 
MQ6001,2 
5.13 
20.5 


Operating and Storage Junction 
TJ. Tstg 
-65 to +200 
"C 
Temperature Range 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
Unit 


Thermal Resistance, Junction to Case 
MD6001.2.3 
MD6001F.2F.3F 
MQ6001.2 


R&1C 
97 
175 
195 


70 
87.5 
48.8 


"CAV 


Thermal Resistance, Junction to Ambient 
MD6001,2,3 
MD6001F,2F,3F 
MQ6001.2 


RflJAH) 
304 
500 
438 


280 
438 
292 


°CAV 


Junction to 
Ambient 
Junction to 
Class 


Coupling Factor 
MD6001.2.3 
MD6001F,2F,3F 
MQ6001.2 (Q1-Q2) 
(Q1-Q3orQ1-Q4) 


84 
75 
57 
55 


44 


0 


0 


0 


% 


(1) RgjAis measured with the devicesoldered into a typicalprintedcircuitboard. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 
Typ 
| 
Max 
| 
Unit 
[ 
Characteristic 
Symbol 
Min 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown VoItage(2) 
dC = 10 mAdc, Ib ° 0) 
V<BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 ftAdc. Ie = 0) MD6003.F 
MD6001.F, MD6002.F. MQ6001, MQ6002 


V(BR)CBO 
50 
60 


- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Base Cutoff Current 
(Vce = 30Vdc.Vbe = 3.0Vdc) 
MD6003,F 
(VCE ° 50Vdc,Veb = 3.0Vdc) 
MD6001,F,2.F. MQ6002,F 


'BEV 
50 
30 


nAdc 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-84 


MD6001,F, MD6002.F, MD6003.F, MQ6001, MQ6002 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Collector Cutoff Current 
'CEV 
(Vce = 30Vdc. VBE(off) = 3.0 Vdc) 
MD6003.F 
— 
— 
30 
nAdc 
(Vce ° SO Vdc,VEB(off) = 3.0Vdc) 
MD6001,F,2,F, MQ6001.2 
— 
— 
20 
nAdc 
(Vce = 50Vdc.VEB(off) = 3.0 Vdc, 
MD6001,F,2,F. MQ6001.2 
— 
— 
30 
ftAdc 
Ta = 150°C) 


Collector Cutoff Current 
'CBO 


— 
— 
100 
nA 
(Vcb " 40 Vdc, Ie = 0) 
MD6003.F 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 0.1 mAdc. Vce = 10 Vdc) 
MD6001.F, MQ6001 
MD6002.F, MQ6002 


(lC = 1.0 mAdc, Vce = 1° Vdc) 
MD6001.F, MQ6001 
MD6003.F 
MQ6002.F, MQ6002 


dC = 10 mAdc, Vce = 10 Vdc) 
MD6001.F,MQ6001 
MD6002.F, MQ6002 


(lC = 150 mAdc, Vce = 10 Vdc) 
MD6001.F,MQ6001 
MD6003.F 
MD6002.F, MQ6002 


dC = 300 mAdc, Vce = 10 Vdc) 
MD6001.F,MQ6001 
All Other Devices 


dC = ISO mAdc, Vce = 10 Vdc) 
MD6001.F, MQ6001 
MD6002.F, MQ6002 


hpE 
20 
35 


25 
40 
50 


35 
75 


40 
70 
100 


20 
30 


20 
50 


80 
70 


SO 
70 
100 


70 
110 


110 
200 


90 


80 


120 


300 


Collector-Emitter Saturation Voltage 
dC = ISO mAdc, Ib = 15 mAdc) 
All Devices 
(lC = 300 mAdc, Ib = 30 mAdc) 
MD6001, MD6002.F, MQ6002.1 


VCE(sat) 


- 
0.3 
0.59 
0.4 
1.4 


Vdc 


Base-Emitter Saturation Voltage 
dc = 1S0 mAdc, Ib - 15 mAdc) 
All Devices 
dC = 300 mAdc, Ib = 30 mAdc) 
MD6001, MD6002.F,MQ6001.2 


vBE(sat) 


- 
1.02 
1.25 
1.3 
2.0 


Vdc 


(2) Pulse Test: Pulse Width <e300 us, Duty Cycle « 2.0%. 
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MOTOROLA SEMICONDUCTORS 


MD6001.F, MD6002.F, MD6003,F, MQ6001, MQ6002 
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FIGURE 3 - 
TEMPERATURE COEFFICIENTS 
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FREQUENCY EFFECTS 
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FIGURE 6 - 
CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 5 - SOURCE RESISTANCE EFFECTS 
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FIGURE 7 - 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 
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FIGURE 12 - 
DELAY AND RISE 
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MOTOROLA SEMICONDUCTORS 


MD7000 


CASE 654-07, STYLE 1 


DUAL 
GENERAL PURPOSE 
TRANSISTOR 


NPN SIUCON 


Refer to MD2218 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit I 
Collector-Emitter Voltage 
VCEO 
30 
Vdc 
Collector-Base Voltage 
vCBO 
50 
Vdc 
Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
500 
mAdc 


One Die 
Both Die 
Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
575 
3.29 
625 
3.57 
mW 
rnVWC 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
1.8 
10.3 
. 
2.5 
14.3 
Watts 
mW7°C 
Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
One Die 
Both Die 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
97 
70 
'CAN 


Thermal Resistance, Junction to 
Ambient 
RftJAlD 
304 
280 
'CAN 


Junction to 
Ambient 
Junction to 
Case 
Coupling Factor 
84 
44 
% 
(1)RaJA's measured with the device soldered into a typical printed circuit board. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 
' 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
30 
- 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C = 10 /iAdc, Ig = 0) 
V(BR)CBO 
50 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 10 >iAdc,lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 Vdc. Ie = 0) 
'CBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 1.0 mAdc. Vce = 10 Vdc) 
dC = 150 mAdc. Vce = 10 Vdc) 
dC = 300 mAdc. VCe = 10 Vdc) 


hFE 
40 
70 
30 


60 
80 
50 


- 


Collector-Emitter Saturation Voltage 
(lC = ISO mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.2 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
(lC = ISO mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.95 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 20 mAdc, Vce = 20 Vdc. f = 100 MHz) 
h 
200 
250 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
3.5 
8.0 
PF 


Input Capacitance 
(VEB = 2.0 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
15 
30 
pF 


(2) Pulse Test: Pulse Width < 300 fts, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-88 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
600 
mAdc 


One Die 
All Die 


Total Device Dissipation @Ta= 25°C 
pd 
mW 


MD7001 
600 
650 


MD7001F 
350 
400 


MQ7001 
400 
600 


Derate above 25°C 
nWvVC 


MD7001 
3.42 
3.7 


MD7001F 
2.0 
2.28 


MQ7001 
2.28 
3.42 


Total Device Dissipation @ Tc = 25°C 
pd 
Watts 


MD7001 
2.1 
3.8 


MD7001F 
1.25 
2.5 


MQ7001 
1.0 
4.0 
Derate above 25'C 
mW/*C 


MD7001 
12 
17.2 


MD7001F 
7.15 
14.3 


MQ7001 
5.71 
22.8 
j Operating and Storage Junction 
Tj. Tstg 
-65 to +200 
°C 
| 
Temperature Range 


THERMAL CHARACTERISTICS 


MD7001.F 
MQ7001 


MD7001 
CASE 654-07, STYLE 1 


MD7001F 
CASE 610A-04, STYLE 1 


MQ7001 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Characteristic 
Symbol 
One Die 
All Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
MD7001 
MD7001F 
MQ7001 


RflJC 
83.3 
140 
175 


58.3 
70 
43.8 


"CAV 


Thermal Resistance, Junction to Ambient 
MD7001 
MD7001F 
MQ7001 


RftJAlD 
292 
500 
438 


270 
438 
292 


°CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
MD7001 
MD7001F 
MQ7001 
(01-02) 
(01-03 or Q1-Q4) 


85 
75 
57 
55 


40 


0 


0 


0 


% 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 
Min 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc. Ib = 0) 
V(BR|CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 /iAdc, Ie = 0) 
V(BR)CBO 
50 
— 
— 
Vdc 


Emitter-Base Breakdown Vottage 
dE = 10 ftAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 vdc, ie = o) 
>CBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc) 
(lC = 150 mAdc, Vce = 10 Vdc) 
dC = 300 mAdc, Vce = 10 Vdc) 


"FE 
40 
70 
30 


50 
90 
60 


- 


Collector-Emitter Saturation Voltage 
(lC = 150 mAdc, Ib = 15 mAdc) 
vCE(sat) 
— 
0.25 
0.4 
Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD7001.F, MQ7001 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'Cunlessotherwise noted.) 


Characteristic 
Symbol 
MIn 
Tvp 
Max 
UnH 


Base-Emitter Saturation Voltage 
dC = ISOmAdc, Ib = 15 mAdc) 
vBE(sat) 
- 
0.88 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 20 mAdc, Vce " 20 Vdc, f = 100 MHz) 
fT 
200 
320 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
Cobo 
— 
5.8 
8.0 
pF 


Input Capacitance 
(Vbe = 2.0 Vdc. IC = 0. f = 100 kHz) 
Cibo 
— 
16 
30 
pF 


(2) Pulse Test: Pulse Width < 300 fts. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
Vceo 
40 
Vdc 


Collector-Base Voltage 
VCBO 
50 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


One Die 
Both Die 
Equal Power 


Total Device Dissipation 
@ Ta = 2S*C 
Derate above 25°C 


pd 
575 
3.29 
625 
3.57 
mW 
mW/X 


Total Device Dissipation 
@ Tc = 25"C 
Derate above 25°C 


pd 
1.8 
10.3 
2.5 
14.3 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
TJ. Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
One Die 
Both Die 
Equal Power 
Unit 


Thermal Resistance, 
Junction to Case 
Rajc 
97 
70 
'CAN 


Thermal Resistance, 
Junction to Ambient 
RflJAlD 
304 
280 
'CAN 


Coupling Factors 


Junction to 
Ambient 


84 


Junction to 
Case 


44 
% 


(1) RaJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA= 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MD7002,A,B 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2919 for graphs. 


Min 
Typ 
Max 
UnH 


Collector-EmitterBreakdown Voltage(2) dc = 10 mAdc, Ib - 0) 
V(BR)CEO 
40 
— 
— 
Vdc 
Collector-Base Breakdown Voltage 
dc = 10 fiAdc, Ie = 0) 
V(BR)CBO 
50 
— 
— 
Vdc 
Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 
Collector Cutoff Current 
(Vcb = 30 Vdc, l£ = 0) 
'CBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain(2) 
(lc = 100 ftAdc,Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 
hFE 
40 
50 
130 
170 


- 
- 


Collector-EmitterSaturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 


— 
0.2 
0.35 
Vdc 
Base-EmitterSaturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.8 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = S.O mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
260 
- 
MHz 


Output Capacitance 
(VCb " 10 Vdc, |E = 0, f = 100 kHz) 
C0bo 
— 
2.6 
6.0 
pF 


Input Capacitance 
(Vbe = 2.0 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
2.3 
8.0 
pF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 100 ftAdc. Vce = 10 Vdc) 
MD7002A 
MD7002B 


"FEl/hFE2 
0.75 
0.85 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 100 /iAdc, Vce = 10 Vdc) 
MD7002A 
MD7002B 


|VbE1"VbE2I 


- 
- 
25 
15 
mVdc 


(2) Pulse Test: Pulse Width « 300 us. Duty Cycle =s 2.0%. 
(3)The lowest hpE reading is taken as hpEl for this ratio. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-91 


MD7003,A,B,F,AF 
MQ7003 


MD7003AB 
CASE 654-07, STYLE 1 


MD7003F.AF 
CASE 610A-04, STYLE 1 


MQ7003 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N3810 for curves. 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


All Die 
One Die 
Equal Power 


Total Device Dissipation 
pd 
mW 
@ Ta = 25X 
MD7003AB 
550 
600 
MD7003F.AF 
350 
400 
MQ7003 
400 
600 
Derate above 25°C 
mW/°C 
MD7003.A.B 
3.14 
3.42 
MD7003F.AF 
2.0 
2.28 
MQ7003 
2.28 
3.42 


Total Device Dissipation 
pd 
Watts 
@ Tc = 25°C 
MD7003AB 
1.4 
2.0 
MD7003F.AF 
0.7 
1.4 
MQ7003 
0.7 
2.8 


Derate above 25°C 
mW/'C 
MD7003AB 
8.0 
11.4 
MD7003F.AF 
4.0 
8.0 


MQ7003 
4.0 
16 


Operating and Storage Junction 
Tj. Tstg 
-65 to +200 
°C 
Temperature Range 


All Die 
Characteristic 
Symbol 
One Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
Rajc 
"CAV 
MD7003AB 
125 
87.5 
MD7003F,AF 
250 
125 
MQ7003 
250 
62.6 


Thermal Resistance, Junction to Ambient 
RajaO) 
"CAV 
MD7003AB 
319 
292 
MD7003FAC 
500 
438 
MQ7003 
438 
292 


Junction to 
Junction to 
Ambient 
Case 


Coupling Factor 
% 
MD7003AB 
83 
40 
MD7003FAC 
75 
0 
MQ7003 
(Q1-Q2) 
57 
0 
(Q1-Q3or Q1-Q4) 
55 
0 
(1)RfljA is measuredwiththe devicesolderedintoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
dC = 10 fAdc. IE ° 0) 


Emitter-Base Breakdown Voltage 
(lE = 10pAdc, lc " 0) 


Collector Cutoff Current 
(VCB " 30 Vdc. Ie = 0) 


ON CHARACTERiSTICS 


DC Current Gain(2) 
dC = 100 ftAdc. Vce = 10 Vdc) 
(lC° 10 mAdc,Vce = 10Vdc> 


MOTOROLA SEMICONDUCTORS 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


hFE 


MIn 


40 


50 


5.0 


40 
50 


Typ 


350 
350 


Max 


100 


UnH 


Vdc 


Vdc 


Vdc 


nAdc 


SMALL-SIGNAL DEVICES 


MD7003,A,B,F,AF, MQ7003 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
- 
0.25 
0.35 
Vdc 


1Base-Emitter Saturation Voltage 
[ 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.6 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 5.0 mAdc, VCe = 20 Vdc, f = 100 MHz) 
fT 
200 
300 
— 
MHz 


Output Capacitance 
(VCb = 10 Vdc. Ie =0. f = 100 kHz) 
C0bo 
— 
3.0 
6.0 
PF 


Input Capacitance 
(Vbe = 2.0 Vdc, IC = 0, f = IOOkHz) 
Cibo 
— 
2.0 
8.0 
PF 


Noise Figure 
dC = 100 /iAdc, Vce = 10 Vdc, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 


NF 
~- 
2.0 
— 
dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 100 ftAdc, Vce = 10 Vdc) 
MD7003A.AF 
MD7003B 


"FE1/"FE2 
0.75 
0.85 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 100 /iAdc. Vce = 10 Vdc) 
MD7003A.AF 
MD7003B 


IVBE1-VBE2I 


- 
- 
25 
15 


mV 


(2) Pulse Test: Pulse Width « 300 its, Duty Cycle « 2.0%. 
(3)The lowest hpE reading is taken as hp£l for this ratio. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD7007,A?B,F,BF 
MQ7007 


MD7007,A,B 
CASE 654-07, STYLE 1 


MD7007F.BF 
CASE 610A-04, STYLE 1 


MQ7007 
CASE 607-04, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


All Die 
One Die 
Equal Power 


Total Device Dissipation 
pd 
mW 
@ Ta = 25°C 
MD7007AB 
575 
625 
MD7007F.BF 
350 
400 
MQ7007 
400 
600 
Derate above 25°C 
mW/X 
MD7007.A.B 
3.29 
3.57 
MD7007F.BF 
2.0 
2.28 
MQ7007 
2.28 
3.42 


Total Device Dissipation 
pd 
Watts 
@ Tc = 25X 
MD7007AB 
1.8 
2.5 
MD7007F.BF 
1.0 
2.0 
MQ7007 
0.9 
3.6 
Derate above 25X 
mW/X 
MD7007.A.B 
10.3 
14.3 
MD7007F.BF 
5.71 
11.4 
MQ7007 
5.13 
20.5 


Operating and Storage Junction 
TJ.Tstg 
-65 to +200 
X 
Temperature Range 


THERMAL CHARACTERISTICS 


All Die 


Characteristic 
Symbol 
One Die 
Equal Power 
UnH 


Thermal Resistance, Junction to Case 
RflJC 
XAV 
MD7007AB 
97 
70 
MD7007F.BF 
175 
87.5 
MQ7007 
195 
48.8 


Thermal Resistance, Junction to Ambient 
RajaID 
XAV 
MD7007AB 
304 
280 
MD7007F.BF 
500 
438 
MQ7007 
438 
292 


Junction to 
Junction to 
Ambient 
Case 


Coupling Factors 
% 
MD7007AB 
84 
44 
MD7007F.BF 
75 
0 
MQ7007 
(Q1-Q2) 
67 
0 
(Q1-Q2 or Q1-Q4) 
55 
o 
(1) Raja is measured withthe device soldered intoa typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(Iq ° 10fAdc.Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE ° 10MAdc, lc " 0) 


Collector Cutoff Current 
(Vcb = so vdc, ie = o) 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 100 /iAdc, Vce 
dC = 1.0 mAdc, Vce 
dC = 10 mAdc, Vce ' 
(IC = 50 mAdc, Vce ' 


• 10 Vdc) 
. 10 Vdc) 
10 Vdc) 
10 Vdc) 


MOTOROLA SEMICONDUCTORS 


Symbol 
MIn 
Typ 
Max 
UnH 


V(BR)CEO 
40 
Vdc 


V(BR)CBO 
50 
Vdc 


V(BR)EBO 
5.0 
Vdc 


'CBO 
100 
nAdc 


hFE 


— 
30 
110 
— 
30 
130 
— 
30 
75 
— 


15 
25 
— 


SMALL-SIGNAL DEVICES 
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MD7007,A,B,F,BF, MQ7007 


ELECTRICAL CHARACTERiSTICS (continued) (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


Collector-Emitter Saturation Voltage 
(lC = SOmAdc, Ib = 5.0 mAdc) 
VCE(sat) 
- 
0.38 
1.0 
Vdc 


Base-Emitter Saturation Voltage 
dC = SOmAdc, Ib - 
S.OmAdc) 
vBE(sat) 
— 
0.9 
1.5 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc. Vce = 10 Vdc, f = 100 MHz) 
fT 
300 
600 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc, Ie = 0, f = 100 kHz) 
CODo 
— 
4.0 
8.0 
pF 


Input Capacitance 
(VBe = 2.0 Vdc, |C = 0, f = 100 kHz) 
Cibo 
— 
3.8 
10 
pF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 1.0 mAdc, Vce = 10 Vdc) 
MD7007A 
MD7007B 


hFEl'hFE2 
0.75 
0.85 


- 
1.0 
1.0 


— 


Base-Emitter Voltage Differential 
dC = 1.0 mAdc, Vce = 10 Vdc) 
MD7007A 
MD7007B 


|VBE1-VBE2l 


- 
- 
20 
10 


mVdc 


(2) Pulse Test: Pulse Width < 300 its, Duty Cycle « 2.0%. 
(3)The lowest hpg reading is taken as hpEl for this ratio. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD7021.F 
MQ7021 


MD7021 
CASE 654-07, STYLE 5 


MD7021F 
CASE 610A-04, STYLE 1 


MQ7021 
CASE 607-04, STYLE 1 


COMPLEMENTARY 
GENERAL PURPOSE TRANSISTOR 


NPN/PNP SILICON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
50 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


All Die 
One Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25X 
MD7021 


pd 


550 
600 


mW 


MD7021F 
350 
400 
MQ7021 
400 
600 
Derate above 25X 
mW/X 
MD7021 
3.14 
3.42 
MD7021F 
2.0 
2.28 
MQ7021 
2.28 
3.42 


Total Device Dissipation 
@ Tc = 25X 
MD7021 


pd 


1.4 
2.0 


Wans 


MD7021F 
0.7 
1.4 
MQ7021 
0.7 
2.8 
Derate above 25X 
mW/X 
MD7021 
8.0 
11.4 
MD7021F 
4.0 
8.0 
MQ7021 
4.0 
16 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
X 


Characteristic 
Symbol 
Ono Die 
All Die 
Equal Power 
UnH 


Thermal Resistance. Junction to Case 
MD7021 
MD7021F 
MQ7021 


RflJC 
125 
250 
250 


87.5 
125 
62.6 


•CAV 


Thermal Resistance, Junction to Ambient 
MD7021 
MD7021F 
MQ7021 


RflJA<1> 
319 
500 
438 


292 
438 
292 


•CAV 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
MD7021 
MD7021F 
MQ7021 
(Q1-Q2) 
(Q1-Q3 or Q1-Q4) 


83 
75 
57 
SS 


40 


0 


0 


0 


% 


(1)Raja is measured with the device soldered into a typicalprintedcircuitboard. 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottage(2) 
(lC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Vottage 
dC = 10 ftAdc, Ig = 0) 
V(BR)CBO 
50 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 pAdc lc = 0) 
V(BR)EBO 
S.0 
— 
— 
Vdc 


Collector Cutoff Current 
(VCB = 30 Vdc, Ie = 0) 
ICBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 100nAdc,Vce = 10 Vdc) 
(lC ° 10 mAdc, Vce " 10 V«fc> 


MOTOROLA SEMICONDUCTORS 


5-96 


hFE 
40 
50 
65 
70 


SMALL-SIGNAL DEVICES 


MD7021.F, MQ7021 


ELECTRICAL CHARACTERiSTICS (continued) (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Collector-Emitter Saturation Voltage 
(lc = 10 mAdc. Ib = 10 mAdc)(2) 
VCE(sat) 
- 
- 
0.35 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
(lC = 5.0 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
200 
320 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
C0bo 
—- 
- 
— 
- 
6.0 
PF 


Input Capacitance 
| 
(VBe = 2.0 Vdc, lc = 0,f = IOO kHz) 
Cibo 
— 
— 
8.0 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc,VBE(off) = 0.5 Vdc. Ic = 150 mAdc, Ibi = 15 Adc) 
'on 
— 
28 
— 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 150 mAdc, Ibi = tB2 =15 mAdc) 
<off 
— 
72 
— 
ns 


(2) Pulse Test: Pulse Width =s300 fts. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MD8001 
MD8002 
MD8003 


CASE 654-07, STYLE 1 


DUAL 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2920 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
MD8001 
MD8002 
MD8003 


VCEO 
40 
50 
60 


Vdc 


Collector Current — Continuous 
'C 
30 
mAdc 


One Die 
Both Die 
Equal Power 


Total Device Dissipation 
@ TA = 25X 
Derate above 25X 


PD 
575 
3.29 
625 
3.57 
mW 
mW/'C 


Total Device Dissipation 
@ Tc = 25X 
Derate above 25X 


pd 
1.8 
10.3 
2.5 
14.3 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ' Tstg 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
One Die 
Max 


Both Die 
Equal Power 
Max 
UnH 


Thermal Resistance, 
Junction to Case 
Rajc 
97 
70 
•CAV 


Thermal Resistance, 
Junction to Ambient 
RflJAd) 
304 
280 
'CAN 


Junction to 
Ambient 
Junction to 
Case 


Coupling Factor 
84 
44 
% 


(1)Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10mAdc, Ib = 0) 
MD8001 
MD8002 
MD8003 


V(BR|CEO 
40 
50 
60 


- 


- 


Vdc 


Collector Cutoff Current 
(Vcb = 40 Vdc. IE = 0) 
•CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(vEb = 4.o vdc, ic = o) 
•ebo 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc,Vce = 10 Vdc) 
hFE 
100 
200 
— 
— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 5.0mAdc, Vce = 10Vdc, f = 100MHz) 
fT 
— 
260 
— 
MHz 


Output Capacitance 
(VCB = 10 Vdc. Ie = 0. f = 100 kHz) 
C0bo 
— 
2.6 
— 
pF 


Input Capacitance 
(Vbe = 2.0 Vdc,lC = 0, f = 100 kHz) 
Cibo 
— 
2.3 
- 
PF 


MATCHING CHARACTERISTICS 


Base-Emitter Vottage Differential 
(lc " 10 mAdc, Vce ° 1° Vdc) 
(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
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|VBE1-VBE2l 
15 
mVdc 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
15 
Vdc 
Collector-Base Voltage 
Vcbo 
30 
Vdc 
Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Each 
Transistor 
Total 
Device 
Total Device Dissipation 
@ TA = 25X 
Derate above 25X 


pd 
0.65 
3.72 
1.9 
10.88 
Watts 
mW/X 
Total Device Dissipation 
@ Tc = 25X 
Derate above 25X 


pd 
1.3 
7.43 
4.6 
26.3 
Watts 
mW/X 
Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-65 to +200 
X 


ELECTRICAL CHARACTERISTICS (TA =• 25X unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-EmitterBreakdown Voltaged) 
dC ° 3.0 mAdc, Ib = 0) 
Collector-BaseBreakdown Voltage 
dc " 1.0ftAdc,Ie = 0) 
Emitter-Base Breakdown Voltage 
dE ° 10 fAdc. lc = 0) 


Collector Cutoff Current 
(VCB ° 15 Vdc, lE = 0) 


ON CHARACTERISTICS!1) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
dC = 3.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc,Vce = 10 Vdc) 
Collector-EmitterSaturation Voltage 
Hc° 10 mAdc, Ib ° 1.0 mAdc) 


Base-Emitter Saturation Voltage 
dc = 10 mAdc.Ib = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 4.0 mAdc,Vce " 10 Vdc,f = 100 MHz) 


Output Capacitance 
(VCB " 10 Vdc, Ie ° 0. f ° 140 kHz) 


Input Capacitance 
(VBE = 0-5Vdc,lc = 0, f = 140 kHz) 


Noise Figure 
dC " 1.0mAdc, VCE = 60 Vdc. Rs = 400Ohms,f = 60 MHz) 
(1) PulseTest: PulseWidth «s 300fts,Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
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Symbol 


v(BR)CEO 


v(BR)CBO 


v(BR)EBO 


'CBO 


hFE 


VCE(sat) 


vBE(sat) 


C0bo 


Cibo 


NF 


MHQ918 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
AMPURER TRANSISTOR 


NPN SIUCON 


Refer to MD918for graphs. 


Min 


IS 


30 


3.0 


20 


600 


Typ 


110 
80 
50 


0.11 


0.84 


850 


0.75 


1.4 


4.0 


Max 


10 


0.4 


1.0 


2.0 


2.5 


UnH 


Vdc 


Vdc 


Vdc 


nAdc 


Vdc 


Vdc 


MHz 


PF 


PF 


MOTOROLA SEMICONDUCTORS 


MHQ2221 
MHQ2222 
MPQ2221* 
MPQ2222* 


MHQ2221 
MHQ2222 
CASE 632-02, STYLE 1 
TO-116 


MPQ2221 
MPQ2222 
CASE 646, STYLE 1 


QUAD 
GENERAL PURPOSE TRANSISTOR 


NPN SIUCON 


Refer to MD2218 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25X unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VcEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25'C 
Derate above 25X 
MHQ2221, MHQ2222 
MPQ2221, MPQ2222 


pd 
0.65 


3.72 
5.2 


1.9 


10.88 
15.2 


Watts 


mW/X 


Operating and Storage Junction 
Temperature Range 
MHQ2221.22 
MPQ2221.22 


Tj. Tstg 
-65 to +200 
-55 to +150 


X 


Symbol 
Min 
Typ 
Max 
UnH 


Collector-Eminer Breakdown Voltaged) 
dc ° 10 mAdc, Ifl ° 0) 
V(BR)CEO 


V(BR)CBO 


40 


60 


Vdc 


Vdc 
Collector-Base Breakdown Voltage 
dc 
10 ftAdc, Ie = 0) 


0) 
Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc 


CollectorCutoffCurrent (Vcb " 50 Vdc,Ie ° 0) 
EmitterCutoffCurrent (Vbe " 3.0 Vdc,lc " 0) 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 10 mAdc, Vce = 10Vdc) 


(lC = 150mAdc, Vce = 10Vdc) 


dC = 300mAdc, Vce = 10Vdc) 


Collector-Emitter Saturation Voltage 
dC = ISO mAdc, Ib = 15mAdc) 
(lC= 300mAdc, Ib = 30 mAdc) 


Base-Emitter Saturation Voltage 
dC = 150mAdc, Ib = 15mAdc) 
dC = 300 mAdc,Ib = 30 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
(|C = 20mAdc, Vce = 20Vdc, f = 100 MHz) 


Output Capacitance 
(Vcb ° io vdc. Ie = o. f 
100 kHz) 


Input Capacitance 
(Vbe = os vdc ic 
0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30Vdc. VBE(off) = °-5Vdc. 
lC= ISO mAdc. Ibi = IS mAdc) 


Turn-Off Time 
(Vcc = 30Vdc, lc = 150mAdc, 
IBI = lB2 ° 15mAdc) 


MHQ2221, MPQ2221 
MHQ2222, MPQ2222 


MHQ2221, MPQ2221 
MHQ2222, MPQ2222 


MHQ2221, MPQ2221 
MHQ2222, MPQ2222 


(1)PulseTest: PulseWidth < 300fts,DutyCycle «:2.0%. 
•MPQ2221A 8nd MPQ2222A also available. 


MOTOROLA SEMICONDUCTORS 


5-100 


V(BR)EB0 


'CBO 


•EBO 


hFE 


VCE(sat) 


VBE(sat) 


C0bo 


Cjbo 


•on 


toff 


5.0 


35 
75 


40 
100 


20 
30 


50 


50 


0.4 
1.6 


1.3 
2.6 


Vdc 


nAdc 


nAdc 


Vdc 


Vdc 


200 
350 
— 
MHz 


— 
4.5 
8.0 
PF 


— 
17 
30 
PF 


25 


250 


SMALL-SIGNAL DEVICES 


MHQ2221, MHQ2222, MPQ2221, MPQ2222 


FIGURE 1 - OELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME «t 2.0 nt 
nv<200n 
OUTY CYCLE - 2.0fc 


9.9V i——1 
619 
f 
I O—^VW 
-J--L 


SMALL-SIGNAL DEVICES 


SCOPE 


•=• 
R;„> 100k ohmi 
Cin<12pF 
RISE TIME < 5 0 ni 


DUTY CYCLE » 2 0* 


5-101 


FIGURE 2 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


SCOPE 
Rjn> 100kohms 
C;„<12pF 
RISE TIME < 5.0 m 


MOTOROLA SEMICONDUCTORS 


MHQ2369 
MPQ2369 


MHQ2369 
CASE 632-02, STYLE 1 


MPQ2369 
CASE 646-05, STYLE 1 
TO-116 


QUAD 
SWITCHING TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.5 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
MHQ2369 
MPQ2369 


pd 
0.5 
2.86 
5.0 


1.5 
8.58 
15 


Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
MHQ2369 
MPQ2369 


Tj.Tstg 
-65 to +200 
-55 to +125 


°C 


Refer to MD2369 for graphs. 
ELECTRICAL CHARACTERISTICS (TA 
25°C unless otherwise noted.) 
Unit 
) 
Characteristic 
Symbol 
Min 
Typ 
Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ie = 0) 
V(8R)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 pAdc, lc = 0) 
V(BR)EBO 
4.5 
— 
— 
Vdc 


CollectorCutoff Current (Vcb = 20 Vdc, Ie = 0) 
'CBO 
- 
- 
0.4 
ftAdc 


Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lc = 0) 
>EBO 
- 
— 
0.5 
ftAdc 


ON CHARACTERISTICS 
DCCurrentGaind) 
dc = 10 mAdc, Vce = 1.0Vdc) 
(IC = 100 mAdc, Vce = 2.0 Vdc) 
hFE 
40 
20 


— 
— 
— 


Collector-EmitterSaturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
— 
0.25 
Vdc 


Base-EmitterSaturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
vBE(sat) 
- 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC " 10 mAdc. VcE " 10 Vdc. f ° 100MHz) 


Output Capacitance 
(VCb " 5.0Vdc, Ie = 0.f ° 140 kHz) 


Input Capacitance 
(VBe " 0-5 Vdc, lc •=• 0.f " 140kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC ° 30 Vdc, Vbe = 15 VdC lC ° 1° mAdc, Ibi = 3.0mAdc) 


Turn-Off Time 
(Vcc = 3.0Vdc, lc = 10mAdc, Ibi ° 3.0mAdc, Ifl2 = 1-5 mAdc) 


(1) Pulse Test: Pulse Width « 300 fts. Duty Cycle = 2.0%. 


C0bo 


CjDo 


toff 


450 
550 


2.5 


3.0 


9.0 


15 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 - ton CIRCUIT 
FIGURE 2 - t„.f CIRCUIT 


30VO—WV- 


270 


4.0 


5.0 


♦10 6 V 
f 
\ 
o—J. 
Y_ 


PULSE WIDTH 0)1 = 300 n5 


DUTY CYCLE = 2.014 


-T— 
o—j--.\- 
3.3k 
/-j7<—r—* 


._lCj*<4.0pF 
—1»| L*--:1.0ns 
^^>- -* C5° ''*°pF 
PULSE WlDTH (Ii) =300 ns 
i 


DUTY CYCLE = 20'. 
'Total Shunt Capaciunceof lest jigand connectois 


MHz 


pF 


"pf" 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-102 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 
0.6 
3.42 
1.8 
10.3 
Watts 
mW/X 


Total Device Dissipation 
<§> Tc = 25'C 
Derate above 25X 


pd 
1.2 
6.85 
4.2 
24 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-65 to +200 
«c 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


MHQ2483 
MHQ2484 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Refer to 2N2919 for graphs. 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 uAdc.Ie = 0) 
v(BR)CBO 
60 
— 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 iviAdc, lc = 0) 
v(BR)EBO 
6.0 
— 
- 
Vdc 


Collector Cutoff Current 
(Vcb = 45 Vdc, lE = 0) 
>CBO 
— 
— 
20 
nAdc 


Emitter Cutoff Current 
(vBe = 3.o vdc, ic = oi 
'EBO 
— 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, Vce = 5.0 Vdc) 
MHQ2483 
MHQ2484 


dC = 1.0mAdc,Vce = 5-° Vdc) 
MHQ2483 
MHQ2484 


dC = 10 mAdc, Vce = 5.0 Vdc) 
MHQ2483 
MHQ2484 


hFE 
100 
200 


150 
300 


150 
300 


- 


- 


Collector-EmitterSaturation Voltage 
dC = 1.0 mAdc, Ib = 0.1 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 


VCE(sat) 


- 
0.13 
0.15 
0.35 
0.5 


Vdc 


Base-Emitter On Voltage 
dc = 100ftAdc, Vce = 5.0 Vdc) 
dC = 10 mAdc, Vce = 5.0 Vdc) 


vBE(on) 


- 
0.58 
0.70 
0.7 
0.8 


Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
dC = 500 /iAdc, VCE = S.OVdc, f 
20 MHz) 


Input Capacitance 
(Vbe = Q-5 vdc, ic = o, f 
100 kHz) 


Collector-Base Capacitance 
(VCB ° 5.0 Vdc, Ie ° 0, f = 100 kHz) 


Noise Figure 
dC = 10 uAdc,Vce = 5.0 Vdc, Rs = 10 kohms, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 


SMALL-SIGNAL DEVICES 


MHQ2483 
MHQ2484 


5-103 


cibo 


Ccb 


NF 


50 
100 


4.0 


1.8 


3.0 
2.0 


MHz 


8.0 
PF 


6.0 
PF 


dB 


MOTOROLA SEMICONDUCTORS 


MHQ2906 
MHQ2907 
MPQ2906* 
MPQ2907* 


MHQ2906, MHQ2907 
CASE 632-02, STYLE 1 


MPQ2906 
MPQ2307 
CASE 646-05, STYLE 1 
TO-116 


QUAD 
GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
600 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 
MHQ2S06, 
MHQ2907 
MPQ29006, 
MPQ2907 


pd 
0.65 


3.72 


6.5 


1.9 


10.88 


19 


Watts 


nWC 


Operating and Storage Junction 
Temperature Range 
MHQ2906,07 
MPQ2906.07 


Tj. Tstg 
-65 to +200 
-55 to +125 


°C 


Refer to MD2904 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 ftAdc, lc = 0} 
V(BR)EBO 
5.0 
- 
- 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc, Ie = 0) 
'CBO 
— 
— 
50 
nAdc 


EmitterCutoff Current (Vcb = 3.0 Vdc, Ie = 0) 
>EBO 
- 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC= 10mAdc,Vce = 1°Vdc) 
MHQ2906, MPQ2906 
MHQ2907, MPQ2907 


dC = 150mAdc,Vce = 10Vdc) 
MHQ2906, MPQ2906 
MHQ2907, MPQ2907 


(lC = 300mAdc,Vce = 1°Vdc) 
MHQ2906, MPQ2906 
MHQ2907, MPQ2907 


hFE 
35 
75 


40 
100 


30 
50 


- 


- 


Collector-Emitter Saturation Voltaged) 
dC = 150 mAdc, Ib = 15 mAdc) 
(lC = 300 mAdc, Ib = 30 mAdc) 


VCE(sat) 


- 
- 
0.4 
1.6 


Vdc 


Base-Erriitter Saturation Voltaged) 
dC = 150mAdc, Ib = 15 mAdc) 
(IC = 300 mAdc, Ib = 30 mAdc) 


vBE(sat) 


- 
1.3 
2.6 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


CurrentrGain — Bandwidth Product 
(lC " 50 mAdc, Vce = 20 Vdc,f 
•- 
100 MHz) 


Output Capacitance 
(VCB " 10 Vdc IE 
0, f = 100 kHz) 


Input Capacitance 
(VBE " 2.0 Vdc,lC = 0. f = 100 kHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC " 30 Vdc, lc = ISOmAdc, Ibi 
15 mAdc) 


Turn-Off Time 
(VCC " 60 Vdc lc 
150 mAdc, Ibi ° <B2 " 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle = 2.0%. 
•MPQ2906A and MPQ2907A also available. 


MOTOROLA SEMICONDUCTORS 


5-104 


200 
350 
MHz 


Cobo 
6.0 
8.0 
PF 


Cjbo 
20 
30 
pF 


*on 
30 


•off 
100 


SMALL-SIGNAL DEVICES 


MHQ2906, MHQ2907, MPQ2906, MPQ2907 


FIGURE 1 - 
0ELAY AND RISE 
TIME TEST CIRCUIT 


INPUT 
Zo-son 
PRF-150 PPS 
RISE TIME < 2.0 ri 


SMALL-SIGNAL DEVICES 


5-105 


FIGURE 2 - 
STORAGE AND FALL 
TIME TEST CIRCUIT 


INPUT 
Zo'SOil 
PRF-150 PPS 
RISE TIME < 2.0 ja 


♦ 15 V 
-6.0 


MOTOROLA SEMICONDUCTORS 


MHQ3467 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 
0.9 
5.14 
2.7 
15.4 
Watts 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
1.8 
10.3 
6.3 
36 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +200 
"C 


Refer to MD3467 for graphs. 


ELECTRICALCHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc,Ie = 0) 
v(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
'CBO 
— 
— 
200 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
'EBO 
— 
— 
200 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(l) 
dC = 500 mAdc, Vce = 10 Vdc) 
hFE 
20 
— 
— 
— 


Collector-Emitter Saturation Voltaged) 
dC = 500 mAdc, Ib = 50 mAdc) 
VCE(sat) 
— 
0.23 
0.5 
Vdc 


Base-Emitter Saturation Voltaged) 
dC = 500 mAdc, Ib = 50 mAdc) 
VBE(sat) 
— 
0.9 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product)1) 
dC = SO mAdc,Vce = 1° Vdc,f = 100 MHz) 
fT 
125 
190 
— 
MHz 


Output Capacitance 
(Vcb = 1° Vdc, Ie = 0, f = IOO kHz) 
C0bo 
— 
10 
25 
PF 


Input Capacitance 
(VBE = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
SS 
80 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dC = 500 mAdc, Ibi = 50 mAdc) 
ton 
— 
— 
40 
ns 


Turn-Off Time 
dC = 500 mAdc, Ibi = lB2 = 50 mAdc) 
«off 
— 
— 
90 
ns 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-106 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
vcbo 
15 
Vdc 


Emitter-Base Voltage 
vebo 
4.5 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
MHQ3546 
MPQ3546 


pd 
0.5 
2.86 
4.0 


1.S 
8.58 
12 


Watts 


mW/°C 


Operating and Storage 
Junction 
MHQ3546 
Temperature Range 
MPQ3546 


Tj. Tstg 
-65 to +200 
-55 to +150 


•c 


MHQ3546 
MPQ3546 


MHQ3546 
CASE 632-02, STYLE 1 
TO-116 


MPQ3546 
CASE 646-05, STYLE 1 


QUAD 
SWITCHING TRANSISTOR 


PNP SIUCON 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Typ 
| 
Max 
| 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage)1) 
(lc = 10 mAdc, Ig = 0) 
V(BR)CEO 
12 
— 
— 
Vdc 
Collector-Base Breakdown Voltage 
(lc - 10 MAdc, Ie = 0) 
V(BR)CBO 
15 
— 
— 
Vdc 
Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 
V(BR)EBO 
4.5 
— 
— 
Vdc 
Collector Cutoff Current 
(Vcb = 10 Vdc, Ie = 0) 
>CBO 


— 
— 
0.1 
MAdc 
Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lc = 0) 
>EBO 
— 
— 
0.1 
MAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc. Vce = 10 Vdc) 


hFE 
30 
15 


- 
- 


— 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VcE(sat) 
— 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product)1) 
dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
h 
600 
1000 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 
— 
2.0 
6.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 1.0 MHz) 
cibo 
— 
3.5 
8.0 
pF 


SWITCHING CHARACTERISTICS 


I Turn-On Time 
(Vcc = 2.0Vdc,VBE(off) = 3.0Vdc, 
lC = 30 mAdc, Ibi = 1.5 mAdc) 


*on 
— 
15 
— 
ns 


/ Turn-OffTime 
(Vcc = 2.0 Vdc, lc = 30 mAdc, 
I 
'B1 - 'B2 = 1.S mAdc) 


«off 
25 
— 
ns 


(1)Pulse Test: Pulse Width « 300 fts, Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-107 


MHQ3798 
MHQ3799 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MHQ3738 
MHQ37S9 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
60 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
'C 
50 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 
0.5 
2.86 
1.5 
8.58 


Watts 
mW/°C 


Total Device Dissipation 
@ TC =» 25*C 
Derate above 25°C 


pd 
1.0 
5.71 
3.5 
20 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ. Tgtg 
-65 to +200 
«c 


Refer to 2N3810 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ig = 0) 
MHQ3798 
MHQ3799 


V(BR)CEO 
40 
60 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
(Iq = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie = 0) 
'CBO 
— 
— 
10 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lc = 0) 
>EBO 
— 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
(lC = 10 MAdc, Vce = 5.0 Vdc) 
MHQ3798 
MHQ3799 


(lC= 100MAdc, Vce = 5.0Vdc) 
MHQ3798 
MHQ3799 


dC = 500MAdc, Vce = 5.0 Vdc) 
MHQ3798 
MHQ3799 


(lC = 10 mAdc, Vce = 5.0Vdc) 
MHQ3798 
MHQ3799 


hFE 
100 
225 


150 
300 


150 
300 


125 
250 


- 


- 


Collector-Emitter Saturation Voltage 
dC = 100 MAdc. Ib = 10 MAdc) 
dC = 1.0 mAdc. Ib = 100 MAdc) 


VCE(sat) 


- 
- 
0.2 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
dC = 100 MAdc, Ib = 10 MAdc) 
dC = 1.0 mAdc, Ib = 100MAdc) 


vBE(sat) 


- 
0.7 
0.8 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 1.0 mAdc,Vce = 5.0 Vdc,f = 100 MHz) 
fr 
— 
130 
— 
MHz 


Output Capacitance 
(VCb = 5.0 Vdc,lE = 0, f = 100 kHz) 
cobo 
— 
2.3 
— 
PF 


Input Capacitance 
(Vbe = 0.S Vdc, lc = 0, f = IOO kHz) 
Cibo 
— 
5.5 
— 
pF 


Noise Rgure 
dC = 100MAdc, Vce = 10Vdc,Rs = 30 kohms, 
f = 10 Hz to 1S.7 kHz) 


MHQ3798 
MHQ3799 


NF 
2.5 
1.5 


dB 


(1) Pulse Test: Pulse Width <s300 ms. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-108 


MAXIMUM RATINGS 


Rating 
Symbol 
MHQ4001A 
MHQ4002A 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
45 
Vdc 


Collector-Emitter Voltage 
VCES 
60 
70 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
70 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
'c 
1.5 
Adc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25'C 
Derate above 25°C 


pd 
750 
4.3 
2500 
14.3 
mW 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
1.2 
6.86 
4.0 
22.8 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +200 
"C 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


MHQ4001A 
MHQ4002A 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


NPN SIUCON 


Refer to MD3725 for graphs. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ig = 0) 
MHQ4001A 
MHQ4002A 


V(BR)CEO 
40 
45 


- 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
dc = 10 MAdc, Vbe = 0) 
MHQ4001A 
MHQ4002A 


V(BR)CES 
60 
70 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, l£ = 0) 
MHQ4001A 
MHQ4002A 


V(BR)CBO 
60 
70 


- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
v(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, i£ = o) 
'CBO 
— 
— 
500 
nAdc 


ON CHARACTERJSTICS(I) 


DCCurrent Gain 
dc = 100 mAdc, Vce = 1-0Vdc) 
i 
(lc = 500 mAdc, Vce = 10 Vdc) 
(lC = 1.0 Adc, Vce = 5.0 Vdc) 


hFE 
50 
30 
20 


100 
60 
45 


250 
— 


Collector-EmitterSaturation Voltage 
dc = 100 mAdc, Ib - 10 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, Ib = 100 mAdc) 


VCE(sat) 


— 
0.14 
0.23 
0.36 


0.26 
0.52 
0.95 


Vdc 


Base-EmitterSaturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, Ib = 100 mAdc) 


vBE(sat) 
0.8 
0.75 
0.88 
1.0 


0.86 


1.1 
1.7 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
200 
275 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
cobo 
— 
5.0 
10 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
55 
70 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, lc = 0.5 Adc, Vbe = 3.8 Vdc, Ibi = 50 mAdc) 
'on 
- 
30 
40 
ns 


Turn-Off Time 
(Vcc = 30 Vdc. lc = 0.5 Adc, Ibi = lB2 = 50 mAdc) 
toff 
— 
60 
75 
ns 


(1) Pulse Test: Pulse Width «? 300 fts. Duty Cycle =s 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-109 


MHQ4013 
MHQ4014 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


NPN SILICON 


Refer to MD3725 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
MKQ4013 
MHQ4014 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
45 
Vdc 


Collector-Emitter Voltage 
VCES 
60 
70 
Vdc 


Collector-Base Voltage 
vcbo 
60 
70 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
1.5 
Adc 


Each 
Transistor 


Four 
Transistors 
Equal 
Power 


Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 


pd 
750 
4.3 
2500 
14.3 
mW 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
1.2 
6.86 
4.0 
22.8 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
tJ. Tstg 
-55 to +200 
X 


Symbol 
Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, lB = 0) 
MHQ4013 
MHQ4014 


V(BR)CEO 
40 
45 


- 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 10 MAdc, Vbe = 0) 
MHQ4013 
MHQ4014 


V(BR)CES 
60 
70 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, Ie = 0) 
MHQ4013 
MHQ4014 


V(BR)CBO 
60 
70 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, Ie = 0) 
'CBO 
- 
- 
500 
nAdc 


ON CHARACTERiSTtCSd) 


DCCurrent Gain 
dc = 100 mAdc, Vce = 1-° Vdc) 
(lC = 500 mAdc, Vce = 1° Vdc) 
(lC = 1.0 Adc, Vce = S.O Vdc) 


hFE 
60 
35 
25 


100 
65 
50 


250 
— 


Collector-EmitterSaturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
(lC = 1.0 Adc, Ib = 100 mAdc) 


VCE(sat) 


- 


0.14 
0.23 
0.36 


0.26 
0.52 
0.95 


Vdc 


Base-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 
dC = 500 mAdc, Ib = 50 mAdc) 
(lC = 1.0 Adc, Ib = 100 mAdc) 


VBE(sat) 
0.8 
0.75 
0.88 
1.0 


0.86 
1.1 
1.7 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product(l) 
dC = 50 mAdc,Vce = 10Vdc,f = 100 MHz) 
fT 
200 
275 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, lE = 0, f = 100 kHz) 
cobo 
— 
5.0 
10 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, |c = 0. f = 100 kHz) 
Cjbo 
— 
50 
70 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc " 30 Vdc,lc = 0.5Adc,VBE(off) = 3.8 Vdc, Ibi = 50 mAdc) 


♦on 
— 
20 
35 
ns 


Turn-Off Time 
(VCC = 30 Vdc, lc = 0.5Adc,Ibi = 'B2 = 50 mAdc) 
toff 
— 
50 
60 
ns 


(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle * 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-110 


MHQ4013, MHQ4014 


FIGURE 1 - 
TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


_n_c 


Vjn " ♦9-7 
PULSE GENEflATOR 
t,. t| < t.Ont 
PW* 1.0 us 
Zjn "50 SI 
Duty Cycli • 2.0% 


SMALL-SIGNAL DEVICES 


lOuF 
© 


5-111 


TO SAMPLING 
OSCILLOSCOPE 
Z,n > 100 k:: 
I, < 1.0 ra 


MOTOROLA SEMICONDUCTORS 


MHQ6001 
MHQ6002 


CASE 632-02, TYPE 1 
TO-116 


QUAD 
COMPLEMENTARY TRANSISTOR 


NPN/PNP SIUCON 


Refer to MKQ2222 for NPN graphs.* 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
Vceo 
30 
Vdc 
Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


PD 
0.65 
3.72 
1.9 
10.88 
Watts 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Pd 
1.3 
7.43 
4.6 
26.3 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ' Tstg 
-65 to +200 
°c 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc - 10 mAdc, Ib = 0) 
V(BR)CE0 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(Iq = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 10 MAdc,lc - 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, l£ = 0) 
•CBO 


— 
— 
20 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.0 Vdc, lc = 0) 
"EBO 
— 
— 
30 
nAdc 


ON CHARACTERISTICS 


DC Current Gaind) 
dC = 1.0 mAdc, Vce = 10 Vdc) 
MHQ6001 
MHQ6002 


dC = 10 mAdc, VCe = 10 Vdc) 
MHQ6001 
MHQ6002 


dC = 150 mAdc, Vce = 10 Vdc) 
MHQ6001 
MHQ6002 


dC = 300 mAdc, Vce = 10 Vdc) 
MHQ6001 
MHQ6002 


hFE 
25 
50 


35 
75 


40 
100 


20 
30 


- 


- 


Collector-Emitter Saturation Voltaged) 
dc = 150 mAdc, Ib = 15 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 
VCE(sat) 
— 
0.4 
1.4 
Vdc 


Base-EmitterSaturation Voltaged) 
dc = ISOmAdc, Ib = 15 mAdc) 
(lC = 300 mAdc, Ib = 30 mAdc) 
VBE(sat) 
— 
— 
1.3 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dc = SOmAdc, Vce = 20 Vdc, 
f = 100 kHz) 
fT 
— 
400 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
NPN 
PNP 
Cobo 
6.0 
4.5 
pF 


Input Capacitance 
(Vbe = 2.0 Vdc, lc = 0, f = 100 kHz) 
NPN 
PNP 
CjDo 


— 
20 
17 
— 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vdc, Vbe = °-5 Vdc, 
lC = 150 mAdc, Ibi = 15 mAdc) 
ton 
— 
30 
— 
ns 


Turn-Off Time 
(VCc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 
toff 
— 
225 


— 
ns 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle « 2.0%. 
•Refer to MHQ2907 for PNP graphs. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-112 


MAXIMUM RATINGS 


Rating 
Symbol 
MHQ6100 
MHQ6100A 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
45 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
50 
mAdc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.5 
2.86 
1.5 
8.58 
Watts 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25"C 
pd 
1.0 
5.71 
3.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25*0 unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERiSTICS 


MHQ6100,A 


CASE 632-02, TYPE 2 
TO-116 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


NPN/PNP SIUCON 


Refer to MHQ2483 for NPN graphs. 
Refer to MHQ3798 for PNP graphs. 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
MHQ6100 
MHQ6100A 


V(BR)CEO 
40 
45 


- 
- 


Vdc 


Collector-Base Breakdown Voltage 
dc = 10 MAdc, l£ = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Vottage 
dE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(vCb = so vdc, Ie = o) 
'CBO 
— 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(l) 
(lC = 100 MAdc, Vce = 5.0 Vdc) 
MHQ6100 
MHQ6100A 


(lC = 500 MAdc, Vce = 5.0 Vdc) 
MHQ6100 
MHQ6100A 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 
MHO6100 
MHQ6100A 


dC = 10 mAdc, Vce = 5.0 Vdc) 
MHQ6100 
MHQ6100A 


hFE 
50 
100 


75 
150 


75 
150 


60 
125 


.- 
- 


Collector-Emitter Saturation Voltage 
dC =1.0 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 
— 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dc = 1.0 mAdc, Ib = 0.1 mAdc) 
VBE(sat) 
— 
— 
0.8 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc,Vce = 5.0 Vdc, f = 20 MHz) 
NPN 
PNP 


fT 


- 
175 
130 


- 


MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, lE = 0, f = 100 kHz) 
NPN 
PNP 


Cobo 


- 
4.5 
2.3 


- 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, lc = 0, f = 100 kHz) 
NPN 
PNP 


Cibo 


- 
6.0 
5.5 


- 
pF 


(1) Pulse Test: Pulse Width *s 300 fts, Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-113 


MPQ918 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MD918 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
vCEO 
15 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
VEBO 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
500 
4.0 
900 
7.2 
mW 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
6.7 
0.825 
2.4 
19.2 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
UnH 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
134 
'CAN 
°OW 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


ELECTRICAL CHARACTERiSTICS (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Typ 
| 
Max 
j 
Unit 
j 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltaged) 
dc - 3.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lc = 1.0 MAdc, Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie - 10 MAdc, lc - 0) 
v(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ig = 0) 
*CBO 
— 
— 
10 
nAdc 


ON CHARACTERISTiCS(l) 


DCCurrent Gain 
dc = 0.1 mAdc, Vce = 1-0Vdc) 
dC = 3.0 mAdc, Vce = 1° Vdc) 
dC = 10 mAdc, VCe = 10 Vdc) 


hFE 
20 
110 
80 
50 


- 


•— 


Collector-Emitter Saturation Voltage 
dc - 10 mAdc, Ib = 1-0 mAdc) 
VCE(sat) 


— 
0.11 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc. Ib = 1-0 mAdc) 
VBE(sat) 
— 
0.84 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 4.0 mAdc, Vce = 1° Vdc, 
f = 100 MHz) 
fT 
600 
850 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ig = 0, f = 140 kHz) 
C0bo 
— 
0.75 
1.7 
PF 


Input Capacitance 
(Vbe - 0.5 Vdc, Iq = 0, f = 140 kHz) 
Cjbo 


— 
1.1 
2.0 
PF 
Noise Figure dc = 10 mAdc, Vce = 60 Vdc, Rq = 400 Ohms, f = 60 MHz) 
NF 
- 
4.0 
6.0 
dB 


(1) Pulse Test: Pulse Width * 300 fts, Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-114 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25-C 
Derate above 25°C 


pd 
650 
5.18 
1250 
10 
mW 
mW/°C 


Total Device Dissipation 
@ TC = 25'C 
Derate above 25°C 


pd 
1.0 
8.0 
3.0 
24 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj, T8tg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistanced) Each Die 
Effective, 4 Die 
125 
41.6 
193 
100 


•CAV 


"CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
30 
2.0 
60 
24 


% 


% 


(1)RftJAis measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta =• 25°C unless otherwise noted.) 


MPQ1000 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MD2218 for graphs. 


| 
Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
«C = 10 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR|CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc, l£ = 0) 
>CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(vEb = 2.0 vdc, ic = o) 
<EBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 mAdc, Vce = 10 Vdc) 
dC = 50 mAdc, Vce = 10 Vdc) 
dC = 150 mAdc, VCe = 10 Vdc) 


hFE 
50 
50 
40 


- 
- 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
— 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
fT 
175 
- 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, l£ = 0, f = 100 kHz) 
C0bo 
— 
— 
8.0 
pF 


Input Capacitance 
(Vbe ° 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
— 
30 
pF 


(2)Pulse Test: Pulse Width =s300 ms. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-115 


MPQ1500 


CASE 646-05, STYLE 1 
TO-116 


QUAD 


PNP SIUCON 


Refer to MPQ2907 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 


pd 
0.65 
5.18 
1.25 
8.0 
Watts 
mwrc 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
1.0 
8.0 
3.0 
24 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unh 


Thermal Resistanced) 
Each Die 
Effective, 4 Die 
125 
41.6 
193 
100 


"CAV 


Coupling Factor 
Q1-Q4 or Q2-Q3 
Q1-Q2 or 03-04 
30 
2.0 
60 
24 


% 


(1) Junction to ambient data applies for typical printed circuit board mounting. 


ELECTRICAL CHARACTERiSTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 
] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, l£ = 0) 
V(BR)CBO 
40 


— 
~" 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
'CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 2.0 vdc, ic = o) 
>EBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 
dC = 10 mAdc, VCe = 10 Vdc) 
dC = B0mAdc. Vce = 10 Vdc) 
dC = 150 mAdc. VCe = 10 Vdc) 


hFE 
50 
50 
40 


100 
120 
80 


- 


Collector-Emitter Saturation Voltage 
dC =• 150 mAdc, Ib = 15 mAdc) 
VCE(sat) 
— 
0.22 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC= 150 mAdc, Ib = 15 mAdc) 
VBE(sat) 
— 
0.89 
1.3 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
(ic = 20mAdc, Vce = 20Vdc, f = 100 MHz) 
fr 
150 
300 
— 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
4.5 
8.0 
PF 


Input Capacitance 
(Vbe - 0.5 Vdc, IC = 0. f = 100 kHz) 
Cjbo 
— 
17 
30 
PF 


(1) Pulse Test: Pulse Width as 300 fts, Duty Cycle « 2.0%. 
MPQ2221y MPQ2222 For Specifications. See MHQ2221 Data. 
|VIP||23d9 For Specifications, See MHQ2369 Data. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
6.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@TA = 25°C(1) 
Derate above 25°C 


pd 
500 
4.0 
900 
7.2 
mW 
mW/T 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25"C 


pd 
0.825 
6.7 
2.4 
19.2 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
°C 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
134 
'CAN 
'CAN 


Coupling Factors 
Q1-0.4 or Q2-Q3 
01-02 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


ELECTRICAL CHARACTERISTICS (Ta ° 25'C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERiSTICS 


MPQ2483 
MPQ2484 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to 2N2919 for graphs. 


Min 
Typ 
Max 
Unh 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc, Ib = 0) 
V(BR)CE0 
40 
- 
- 
Vdc 


Cotlector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
v(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE " 10 ftAdc. lc = 0) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 45 vdc, Ie = oi 
<CBO 
— 
— 
20 
nAdc 


Emitter Cutoff Current 
(vBe = 3.o vdc, ic = o) 
'EBO 
— 
— 
20 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
(lC = 0.1 mAdc, Vce = 5.0 Vdc) 
MPQ2483 
MPQ2484 


(lC = 1.0 mAdc, VCe = 5.0 Vdc) 
MPQ2483 
MPQ2484 


(lC = 10 mAdc, VCe = 5.0 Vdc) 
MPQ2483 
MPQ2484 


hFE 
100 
200 


150 
300 


150 
300 


- 


- 


Collector-Emitter Saturation Voltage 
dC = 1.0 mAdc, Ib = 0.1 mAdc) 
dC = 10 mAdc, Ib = 1.0 mAdc) 


VCE(sat) 


- 
0.13 
0.15 
0.35 
0.5 


Vdc 


Base-Emitter Saturation Voltage(2) 
dC = 100 MAdc,Vce = 5.0 Vdc) 
dC = 10 mAdc, Vce = 5.0 Vdc) 


VBE(sat) 


- 
0.58 
0.70 
0.7 
0.8 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc,Vce = 5.0 Vdc, f = 20 MHz) 
fT 
50 
100 
- 
MHz 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
4.0 
8.0 
pF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPQ2483, MPQ2484 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, |E = 0, f = IOO kHz) 
Ccb 
- 
1.8 
6.0 
PF 


Noise Figure 
(lC = 10 MAdc,Vce = 5.0 Vdc, Rs = 10 kohms, 
MPQ2483 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 
MPQ2484 


NF 


- 
3.0 
2.0 


- 


dB 


(2) Pulse Test: Pulse Width =s 300 ms. Duty Cycle * 2.0%. 


MPQ2906, MPQ2907 
ForSpecifications. See MHQ2906 Data. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
12 
Vdc 


Collector-Base Voltage 
Vcbo 
25 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25X 
Derate above 25°C 


pd 
650 
5.2 
1250 
10 
mW 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
1.0 
8.0 
3.0 
24 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ< Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 
125 
41.6 
193* 
100* 
"CAV 
"CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
30 
2.0 
60 
25 


% 


% 
(D R&)A is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPQ3303 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
SWITCHING TRANSISTOR 


NPN SIUCON 


Min 
Typ 
Max 
Unh 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
12 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 MAdc, Ie = 0) 
V(BR)CBO 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 MAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 15 vdc, vBe = o) 
"CES 
— 
— 
100 
MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 mAdc, Vce = 0.5 Vdc) 
dC = 300 mAdc, Vce = 0.5 Vdc) 


hFE 
30 
40 
45 
55 
200 


— 


Collector-Emitter Saturation Voltage 
dc = 300 mAdc, Ib = 30 mAdc) 
' 
dc = 1.0 Adc, Ib =0.1 Adc) 


VCE(sat) 


- 
0.22 
0.52 
0.33 
0.7 


Vdc 


Base-Emitter Saturation Voltage 
dC = 300 mAdc, Ib = 30 mAdc) 
| 
dc= 1.0 Adc, Ib =0.1 Adc) 


VBE(sat) 


- 
0.87 
1.04 
1.1 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 100 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
400 
500 
- 
MHz 


Output Capacitance 
(Vcb = s.o vdc, iE = o, f = i.o mhz) 
Cobo 
— 
5.0 
10 
pF 


Input Capacitance 
(Vbe = 0.5 vdc, ic = o, f = i.o mhz) 
Cibo 
— 
22 
30 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(VCC = 12Vdc, lc ° 1-0Adc,VflEloff) ° 4.0 Vdc, IB1 = 100mAdc) 


Turn-Off Time 
(VCC = 12 Vdc, lc = 1-0Adc. Ibi ° lB2 = 100 mAdc) 


SMALL-SIGNAL DEVICES 
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toff 


12 
15 


18 
25 


MOTOROLA SEMICONDUCTORS 


MPQ3467 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


PNP SIUCON 


Refer to MD3467 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-Base Voltage 
vcbo 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
"c 
1.0 
Adc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@Ta = 25<>C(1) 
Derate above 25°C 


Pd 
650 
5.2 
1500 
12 
mW 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25X 


pd 
1.25 
10 
3.2 
25.6 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


(1)Second Breakdown occurs at power levels greater than 2 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 


RflJC 
Junction to 
Case 


R&IA 
Junction to 
Ambient 
Unh 


Thermal Resistance 
Each Die 
Effective, 4 Die 
100 
39 
193 
83.2 
"CAV 


"CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
45 
5.0 
55 
10 


% 


% 


ELECTRICAL CHARACTERISTICS (Ta ° 25"Cunless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib •= 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc.Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 mA<*C lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 Vdc, Ie = 0) 
>CBO 
— 
— 
200 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
•ebo 
— 
— 
200 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 500 mAdc, VCe = 10 Vdc) 
hFE 
20 
— 
— 
— 


Collector-Emitter Saturation Voltage(2) 
dC = 500 mAdc, Ib = 50 mAdc) 
VCE(sat) 
— 
0.23 
0.5 
Vdc 


Base-Emitter Saturation Voltage(2) 
(lC = 500 mAdc, Ib = 50 mAdc) 
VBE(sat) 
— 
0.90 
1.2 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc,f = 100 MHz) 
fT 
125 
190 
— 
MHz 


Output Capacitance 
(VCB = 10 Vdc, |E = 0, f = 100 kHz) 
cobo 
— 
10 
25 
pF 


Input Capacitance 
(Vbe = 0.S Vdc. IC = 0, f = 100 kHz) 
Cibo 
— 
55 
80 
PF 


SWITCHING CHARACTERiSTICS 


Turn-On Time 
dC = 500 mAdc, Ibi = 50 mAdc) 
ton 
— 
— 
40 
ns 


Turn-Off Time 
dC = 600 mAdc. Ibi = 'B2 = 50 mAdc) 
toff 
— 
— 
SO 
ns 


(2) Pulse Test: Pulse Width < 300 fts. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MPQ3546 For Specifications, See MHQ3546 Data. 


MAXIMUM RATINGS 


Rating 
Symbol 
MPQ3725 MPQ3725A 
Unh 


Collector-Emitter Voltage 
VcEO 
40 
50 
Vdc 


Collector-Emitter Voltage 
VCES 
60 
70 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
«C 
1.0 
Adc 


One 
Transistor 


Four 
Transistors 
Equal 
Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 
1.0 
8.0 
2.5 
20 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 
Characteristics 
| Symbol 
Max 
Unit 


One 
Transistor 


Effective 
For Four 
Transistors 


Thermal Resistance, 
Junction to Ambient(l) 
RflJA 
125 
50 
'CAN 


(1) Raja <smeasured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


Symbol 


MPQ3725,A 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
CORE DRIVER TRANSISTOR 


NPN SIUCON 


Refer to MD3725 for graphs. 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc, Ib = 0) 
MPQ3725 
MPQ3725A 


V(BR)CEO 
40 
50 


- 
- 


Vdc 


Collector-Emitter Breakdown Voltage 
dC = 100 MAdc, VBe = 0) 
MPQ3725 
MPQ3725A 


V(BR)CES 
60 
70 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(l£ = 10 MAdc, lc = 0) 
V(BR)EB0 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 vdc, i£ = o> 
•CBO 
— 
— 
0.5 
MAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 100 mAdc, VCe = 10 Vdc) 
MPQ3725 
MPQ3725A 


(lC = 500 mAdc, Vce = 2.0 Vdc) 
MPQ3725 
MPQ3725A 


hFE 
35 
40 


25 
30 


75 
80 


45 
50 


200 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
VCE(sat) 
— 
0.32 
0.45 
Vdc 


Base-Emitter Saturation Voltage 
dc = 500 mAdc, Ib = 50 mAdc) 
VBE(sat) 
0.8 
0.9 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc. Vce = 10 Vdc, f = 100 MHz) 
MPQ3725 
MPQ3725A 


fT 
250 
200 
275 
250 


- 


MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
cobo 
— 
5.1 
10 
pF 


Input Capacitance 
(VBe = 0.5 Vdc, lc = 0, f = 100 kHz) 
Cibo 
— 
62 
80 
PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPQ3725.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'Cunless otherwise noted.) 


Characteristic 
Symbol 


SWITCHING CHARACTERISTICS 


Min 
Typ 
Max 
Unh 


Turn-On Time 
dC = 500mAdc, Ibi = 50 mAdc,VflEloff) = 3.8 Vdc) 
ton 
- 
20 
35 
ns 


Turn-Off Time 
dC = 500 mAdc, Ibi = Ib2 = 50 mAdc) 
toff 
— 
50 
60 
ns 


(2) Pulse Test: Pulse Width * 300 fts. Duty Cycle s 2.0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


-3.8 V 
*30 V 


Putts Gonerator 
X,.if < t.0 nt 
PW = 1.0ui 
2,n " 50 n 
Duly Cycle <2 0% 


MOTOROLA SEMICONDUCTORS 
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Sampling 
Osctllotcopa 
Zin>tOOkil 
I, < 1.0 n« 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
VCBO 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
1.5 
Adc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
750 
5.98 
1700 
13.6 
mW 
mWI°C 


Total Device Dissipation 
@ TC = 25'C 
Derate above 25°C 


pd 
1.25 
10 
3.2 
25.6 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance(l) 
Each Die 
Effective, 4 Die 
100 
39 
167 
73.S 
"CAV 
'CAN 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
46 
5.0 
56 
10 


% 


% 


(1) Raja >smeasured with the device soldered into a typical printed circuit board. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MPQ3762 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
MEMORY DRIVER TRANSISTOR 


PNP SIUCON 


Refer to MD3467 for graphs. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
40 
— 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc. l£ = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc. lc = 0) 
v(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb ° 30 Vdc. IE = 0) 
'CBO 
— 
— 
100 
nAdc 


Emitter Cutoff Current 
(vEb = 3.o vdc, ic = o) 
<EBO 
— 
— 
100 
nAdc 


ON CHARACTERiSTICS(2) 


DC Current Gain 
dC = 150 mAdc, Vce = 10 Vdc) 
dC = 500 mAdc. VC£ = 2.0 Vdc) 
dC = 1.0 Adc, VCe = 2.0 Vdc) 


hFE 
35 
30 
20 


70 
65 
35 


- 


" 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib - 50 mAdc) 
dC = 1.0 Adc, Ib = 100 mAdc) 


VCE(sat) 


- 
0.3 
0.6 
0.55 
0.9 


Vdc 


Base-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, Ib = 100 mAdc) 


vBE(sat) 


- 
0.9 
1.0 
1.25 
1.4 


Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
fT 
150 
275 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
Cobo 
— 
9.0 
15 
pF 


Input Capacitance 
(Veb = 0.5 Vdc, IC = 0, f = 100 kHz) 
Cibo 
— 
55 
80 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30Vdc, lc = 1.0Adc, Ibi = 100mAdc,VBE(off) = 2.0Vdc) 
ton 
- 
- 
50 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 1.0 Adc, Ibi = lB2 = 100 mAdc) 
toff 
— 
— 
120 
ns 


(2) Pulse Test: Pulse Width *s 300 fts. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
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MPQ3762 


TURN-ON 


-30 V 


.11.1 vi—i 
o—wv 
f 
n 
PW =200 nt 
^^ 
Rito Tlmo <2.0 nt 
DC <2.0% 
•=• 


MOTOROLA SEMICONDUCTORS 


EQUIVALENT TEST CIRCUITS 
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FIGURE 2-TURN-OFF 


♦8.9 V /—i 
.30 v 


I 
I 
'^lifer 
t3-*i i*-i 
10<t! < 500ui 


%2 < 10 nt 
t3> 1.0 m 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPQ3798 
MPQ3799 
Unh 


Collector-Emitter Voltage 
VCEO 
40 
60 
Vdc 


Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@Ta = 25°C(1) 
Derate above 2S°C 


pd 
0.5 
4.0 
0.9 
7.2 
Watt 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
0.825 
6.7 
2.4 
19.2 
Watts 
m/°C 


Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-55 to +150 
•c 


(1)Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 


RftIC 
Junction to 
Case 


RflJA 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
139 
'CAN 
'CAN 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPQ3798 
MPQ3799 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to 2N3810 for graphs. 


Min 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
MPQ3798 
MPQ3799 


V(BR)CE0 
40 
60 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, l£ = 0) 
'CBO 
— 
— 
10 
nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = o) 
>EBO 
— 
— 
20 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 MAdc,VCe = 5.0 Vdc) 
MPQ3798 
MPQ3799 


dC = 100 MAdc,VCe = 5.0 Vdc) 
MPQ3798 
MPQ3799 


dC = 500 MAdc,VCe = 5.0 Vdc) 
MPQ3798 
MPQ3799 


dC = 10 mAdc, Vce = 5.0 Vdc) 
MPQ3798 
MPQ3799 


hFE 
100 
225 


150 
300 


150 
300 


125 
250 


- 


- 


Collector-Emitter Saturation Voltage 
dC = 100 MAdc, Ib = 10 MAdc) 
dC = 1.0 mAdc. Ib = 100 MAdc) 


VcE(sat) 


- 
0.12 
0.07 
0.2 
0.25 


Vdc 


Base-Emitter Saturation Voltage 
dC = 100 MAdc. Ib = 10 MAdc) 
dC - 1.0 mAdc, Ib = 100 MAdc) 


VBE(sat) 


- 
0.62 
0.68 
0.7 
0.8 


Vdc 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPQ3798.99 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
fT 
60 
250 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
cobo 
— 
2.1 
4.0 
pF 


Input Capacitance 
(VBE = 0.5 Vdc, IC = 0, f = 100 kHz) 
Cibo 
— 
5.5 
8.0 
PF 


Noise Figure 
dC = 100 MAdc,VCe = 10 Vdc, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 
MPQ3798 
MPQ3799 


NF 


- 
2.5 
1.5 


- 


dB 


(2) Pulse Test: Pulse Width <s 300 fts, Duty Cycle *s 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
6.0 
Vdc 


Cotlector Current — Continuous 
ic 
200 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25'C 


pd 
500 
4.0 
900 
7.2 
mW 
mW/'C 


Total Device Dissipation 
@ Tc = 25X 
Derate above 25°C 


pd 
825 
6.7 
2.4 
19.2 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unh 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
139 
"CAV 
°CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


ELECTRICALCHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPQ3904 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER/SWITCHING 
TRANSISTOR 


NPN SIUCON 


Refer to 2N3904 for graphs. 


MIn 
Typ 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 MAdc, Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
6.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 40 Vdc. l£ = 0) 
'CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(vBe = 40 vdc. ic = o) 
>EBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 0.1 mAdc, Vce = 10 Vdc) 
(lC = 1-0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 1.0 Vdc) 


hFE 
30 
50 
75 


SO 
160 
200 


- 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VCE(sat) 
— 
0.1 
0.2 
Vdc 


Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.65 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
1 «c = 10 mAdc, VCe =20 Vdc, f = 100 MHz) 
fT 
250 
300 
- 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, l£ = 0, f = 140 kHz) 
Cobo 
— 
2.0 
4.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, |C = 0, f = 140 kHz) 
Cibo 
— 
4.0 
8.0 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dC = 10 mAdc, Vbe = 0.5 Vdc, Ibi = 10 mAdc) 
ton 
- 
37 
- 
ns 


Turn-Off Time 
(lC = 10 mAdc, Ibi = Ib2 = 1-0 mAdc) 
toff 
— 
136 
— 
ns 


(1) Pulse Test: Pulse Width « 300 fts. Duty Cycle «s2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPQ3906 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER/SWITCH TRANSISTOR 


PNP SIUCON 


Refer to 2N3906 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25'C 


pd 
500 
4.0 
SOO 
7.2 
mW 
mW/X 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
825 
6.7 
2.4 
19.2 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. TStg 
-55 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unh 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
139 
'CAN 
'CAN 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


ELECTRICALCHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
| 
Max 
] 
Unh 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
'CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(Vbe = 4.o vdc, ic = oi 
>EBO 
— 
— 
50 
nAdc 


ON CHARACTERISTfCS(l) 


DC Current Gain 
(lC = 0.1 mAdc, Vce = 1-° Vdc) 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 1-0Vdc) 


hFE 
40 
60 
75 


160 
180 
200 


- 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib - 1.0 mAdc) 
VCE(sat) 
— 
0.1 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib - 1-0 mAdc) 
vBE(sat) 
— 
0.65 
0.85 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VCe = 20 Vdc, f = 100 MHz) 
fr 
200 
250 
— 
MHz 


Output Capacitance 
(Vcb = S.0 Vdc, lE = 0. f = 140 kHz) 
Cobo 
— 
3.3 
4.5 
pF 


Input Capacitance 
(Vbe = 0.5 Vdc. lc = 0, f = 140 kHz) 
Cibo 
— 
4.8 
10 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
dC = 10 mAdc. VBE(off) = 0.5 Vdc. Ibi = 1-0mAdc) 
ton 
— 
43 
— 
ns 


Turn-Off Time 
dC = 10 mAdc, Ibi = lB2 = 1-° mAdc) 
toff 
— 
155 
— 
ns 


(1) Pulse Test: Pulse Width « 300 ms. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-128 


MPQ3906 


FIGURE 1 - 
DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


-*l r-<i.Oi« 


-106V-V 
300 ns 
DU1VCYClE-2% 


SMALL-SIGNAL DEVICES 


!C,<4.0pr" 
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FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
MlV~*i ^•<10'» 
-3.0V< 
•275 


C,<4.0pF* 


'Totalshuntcapacitance oftest jigandconnectors 


MOTOROLA SEMICONDUCTORS 


MPQ6001 
MPQ6002 


TYPE1 
MPQ6501 
MPQ6502 


TYPE 2 


CASE 646-05 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


PNP/NPN SIUCON 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Four 
Each 
Transistors 
Transistor 
Equal Power 


Total Device Dissipation 
pd 
@TA = 25°C(1) 
Watts 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
0.65 
1.25 
Derate above 25°C 
mW/'C 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
5.18 
10 


Total Device Dissipation 
pd 
@ TC = 25°C 
Watts 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
1.0 
3.0 
Derate above 25°C 
mW/°C 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
8.0 
24 


Operating and Storage Junction 
Tj. Tstg 
-55 to +150 
°C 
Temperature Range 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unh 


Thermal Resistance 
Each Die 
MPQ6001, MPQ6002, MPQ6501, MPQ6502 
Effective, 4 Die 
MPQ6001, MPQ6002, MPQ6501, MPQ6502 


125 


41.6 


193 


100 


'CAV 


Coupling Factors 
MPQ6001, MPQ6002 
Q1-Q4 or Q2-Q3 
MPQ6501, MPQ6502 


MPQ6001, MPQ6002 
Q1-Q2 or Q3-Q4 
MPQ6501, MPQ6502 


30 
30 
30 
30 


20 
20 
20 
2.0 


60 
60 
60 
60 


24 
24 
24 
24 


% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 MAdc,Ie = 0) 
V(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, lc - 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 50 Vdc, l£ = 0) 
'CBO 
— 
— 
30 
nAdc 


Emitter Cutoff Current 
(Veb = 3.0 Vdc, lc = 0) 
lEBO 
- 
- 
30 
nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 1.0 mAdc. VCe = 10 Vdc) 
MPQ6001. MPQ6501 
MPQ6002, MPQ6502 


hFE 
25 


SO 


- 


dC = 10 mAdc, Vce = 10 Vdc) 
MPQ6001, MPQ6501 
MPQ6002, MPQ6502 
35 
75 
— 


— 


dC = 150 mAdc, Vce " 10 Vdc) 
MPQ6001, MPQ6501 
MPQ6002. MPQ6502 
40 
100 


— 
— 


dC = 300 mAdc, VCe = 10 Vdc) 
MPQ6001, MPQ6501 
MPQ6002, MPQ6502 
20 
30 


— 
— 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MPQ6001 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


Collector-Emitter Saturation Voltage(2) 
dC = 150 mAdc, lB = 15 mAdc) 
dc = 300 mAdc, Ib = 30 mAdc) 


VCE(sat) 


- 
- 
0.4 
1.4 


Vdc 


Base-Emitter Saturation Voltage(2) 
dC = 150 mAdc, Ib = 15 mAdc) 
dC = 300 mAdc, Ib = 30 mAdc) 


VBE(sat) 


- 
- 
1.3 
2.0 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product{2) 
(lC = 50 mAdc, VCe = 20 Vdc, f = 100 MHz) 
fT 
200 
350 
- 
MHz 


Output Capacitance 
(VCb = 10 Vdc, lE = 0, f = 100 kHz) 
PNP 
NPN 


cobo 


- 
6.0 
4.5 
8.0 
8.0 


PF 


Input Capacitance 
(Veb = 20 Vdc, lc = 0, f = 100 kHz) 
PNP 
NPN 


Qbo 


- 
20 
17 
30 
30 


pF 


SWITCHING CHARACTERiSTICS 


Turn-On Time 
(Vcc = 30 Vdc,VBe = 0.5 Vdc,lc = 150 mAdc, 
IBI = 15 mAdc, Figure 1) 


ton 
— 
30 
— 
ns 


Turn-Off Time 
(Vcc = 30 Vdc, lc = 150 mAdc, 
'B1 = 'B2 = 15 mAdc) 


toff 
— 
225 
— 
ns 


(1) SecondBreakdown occursat powerlevelsgreaterthan 3 timesthe powerdissipation rating. 
(2)Pulse Test: Pulse Width « 300 fts. Duty Cycle * 2.0%. 


NPN DATA 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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FIGURE 2 — "ON" VOLTAGES 
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FIGURE 3 — TEMPERATURE COEFFICIENTS 
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lC.COLLECTOR CURRENT (mA) 
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MPQ6001 


NOISE FIGURE 
(VCE = 10Vdc. TA =25°C) 


RGURE 4 — FREQUENCY EFFECTS 
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RGURE S — SOURCE RESISTANCE EFFECTS 
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RS.SOURCE RESISTANCE (k OHMS) 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPQ6100 
MPQ6600 
MPQ6100A 
MPQ6600A 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
45 
Vdc 
Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 
Total Device Dissipation 
@ Ta = 25'C 
Derate above 25°C 


pd 
500 
4.0 
300 
7.2 
mW 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
0.825 
6.7 
2.4 
19.2 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unh 


Thermal Resistance!1) Each Die 
Effective, 4 Die 
151 
52 
250 
139 
'CAV 
•CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 
(DReJA's measuredwith the devicesoldered into a typical printedcircuit board. 


ELECTRICAL CHARACTERISTICS (TA = 2S'C unlessotherwise noted.) 


MPQ6100,A TYPE 1 


MPQ6600.A TYPE 2 


CASE 646-05 


TO-116 


QUAD 


COMPLEMENTARY PAIR 


TRANSISTOR 


PNP/NPN SIUCON 


Refer to MHQ2483 for NPN Curves. 


Refer to MKQ3798 for PNP Curves. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 
MPQ6100.6600 
MPQ6100A.6600A 


v(BR)CEO 
40 
45 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 MAdc, l£ = 0) 
V(BR)CB0 
60 
- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 10 MAdc. IC = 0) 
V(BR)EBO 
5.0 
- 
- 
Vdc 


Collector Cutoff Current 
(vCb = so vdc, i£ = o) 
•CBO 
— 
- 
10 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 100 MAdc, VCE = 5.0 Vdc) 


dC = 500 MAdc, Vce = 5.0 Vdc) 


dC = 1.0 mAdc, Vce = 5.0 Vdc) 


dC = 10 mAdc, Vce = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 1.0 mAdc, Ib = 100 MAdc) 


Base-Emitter Saturation Voltage 
dC = 1.0 mAdc, Ib = 100 MAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 MAdc, VCE " 5.0 Vdc, f = 20 MHz) 


Output Capacitance 
(Vcb = 5.o vdc, Ie = o, f 
100 kHz) 


SMALL-SIGNAL DEVICES 


MPQ6100,6600 
MPQ6100A.6600A 


MPQ6100,6600 
MPQ6100A.6600A 


MPQ6100,6600 
MPQ6100A.66O0A 


MPQ6100,6600 
MPQ6100A.6600A 


PNP 
NPN 
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hFE 


VcE(sat) 


vBE(sat) 


C0bo 


50 
100 


75 
150 


75 
150 


60 
125 


50 


1.2 
1.8 


0.25 


0.8 


4.0 
4.0 


Vdc 


Vdc 


MHz 


PF 


MOTOROLA SEMICONDUCTORS 


MPQ6100.A, MPQ6600,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


Input Capacitance 
(VBe = 0.5 Vdc, IC = 0, f = IOO kHz) 
PNP 
NPN 


Cibo 


- 
- 
8.0 
8.0 


PF 


Noise Figure 
dC = 100 MAdc, Vce = 50 Vdc, Rs = 10 kohms, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 


NF 
4.0 
dB 


(2) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
MPQ6426 
MPQ6427 


VCEO 
30 
40 


Vdc 


Collector-Base Voltage 
MPQ6426 
MPQ6427 


Vcbo 
40 
50 


Vdc 


Emitter-Base Voltage 
vebo 
12 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each Die 
Four Die 
Equal Power 


Total Device Dissipation 
@TA = 25°C(1) 
Derate above 25°C 


pd 
500 
4.0 
900 
7.2 
mW 
mW/'C 


Total Device Dissipation 
@ TC = 25'C 
Derate above 25°C 


pd 
825 
6.7 
2400 
19.2 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to +150 
'C 


(1)Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
139 
°CAV 
'CAN 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPQ6426 
MPQ6427 


CASE 64605, STYLE 1 
TO-116 


QUAD 
DARLINGTON TRANSISTOR 


NPN SILICON 


Symbol 
MIn 
Max 
Unh 


Collector-Emitter Breakdown Voltage(2) 
(lC = 10 mAdc, Ib = 0) 
MPQ6426 
MPQ6427 


V(BR)CEO 
30 
40 


- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
MPQ6426 
MPQ6427 


v(BR)CBO 
40 
50 


- 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, lc = 0) 
v(BR)EBO 
12 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 30 vdc, Ie = o) 
>CBO 
— 
100 
nAdc 


Emitter Cutoff Current 
(Vbe = 10 vdc, ic = o) 
<EBO 
— 
100 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 10 mAdc, Vce = 5.0 Vdc) 
dC = 100 mAdc, VCe = 5.0 Vdc) 


hcE 
5000 
10,000 


- 


— 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 
VCE(sat) 
— 
1.5 
Vdc 


Base-Emitter On Voltage 
dC = 100 mAdc, Vce = 5.0 Vdc) 
VBE(on) 
— 
2.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 
tT 
125 
- 
MHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
8.0 
PF 


Input Capacitance 
(Vbe = 0.5 Vdc, IC = 0, f = 100 kHz) 
Cibo 
— 
15 
pF 


(2) Pulse Test: Pulse Width =£ 300 fts, Duty Cycle =s2.0%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
40 
Vdc 


Collector-Base Voltage 
vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@Ta= 25°C(1) 
Derate above 25°C 


pd 
500 
4.0 
900 
7.2 
mW 
mW/°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
825 
6.7 
2400 
19.2 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unh 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
139 
°CAV 
XAV 


Coupling Factors 
Q1-Q4 or 02-03 
Q1-Q2 or Q3-Q4 
34 
2.0 
70 
26 


% 


% 


MPQ6700 


CASE 646-05, TYPE 2 
TO-116 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


PNP/NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
UnH 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage(2) 
«C= 10 mAdc, Ig = 0) 
V(BR)CEO 
40 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C= 10 MAdc, Ie = 0) 
V(BR)CBO 
40 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 MAdc, lc = 0) 
v(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = so vdc, Ie = o) 
"CBO 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 4.o vdc, ic = o) 
>EBO 
— 
50 
nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
(lC = 0.1 mAdc. Vce = 10 Vdc) 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
«C = 10 mAdc, Vce = 10 Vdc) 


hFE 
30 
50 
70 


- 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 
vCE(sat) 
— 
0.25 
Vdc 


Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, VCe = 20 Vdc, f = 100 MHz) 
»T 
200 
— 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, lE = 0, f = 100 kHz) 
CODo 
— 
4.5 
PF 


Input Capacitance 
(Veb = 0.5 Vdc, lc = 0, f = 100 kHz) 
PNP 
NPN 


Cibo 


- 
10 
8.0 


PF 


(2) Pulse Test: Pulse Width * 300 fts. Duty Cycle < 2.0%. 
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FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGE 
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FIGURE 3 - TEMPERATURE COEFFICIENTS 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - 
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FIGURE 6 - 
TURN-OFF TIME 
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FIGURE 7 - 
CURRENT-GAIN - 
BANDWIDTH PRODUCT 
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FIGURE 8 - 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCEO 
30 
Vdc 


Collector-Base Voltage 
Vcbo 
30 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
200 
mAdc 


Each 
Transistor 


Four 
Transistors 
Equal Power 


Total Device Dissipation 
@Ta= 25"C(1) 
Derate above 25°C 


pd 
500 
4.0 


SOO 
7.2 
mW 
mWVC 


Total Device Dissipation 
@ Tc = 25'C 
Derate above 25°C 


pd 
825 
6.7 
2400 
19.2 
mW 
mwrc 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
•c 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 
151 
52 
250 
139 


"CAV 


•CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2orQ3-Q4 
34 
2.0 
70 
26 


% 
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ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERiSTICS 


I$?o-,9oy 


MPQ6842 


CASE 646-05, TYPE 2 
TO-116 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


PNP/NPN SIUCON 


MIn 
Typ 
Max 
UnH 


Collector-Emitter Breakdown Voltage(2) 
(lc = 10 mAdc, Ib - 0) 
V(BR)CE0 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc. Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 
Emitter-Base Breakdown Voltage 
(If: = 10 ftAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 Vdc. Ie = 0) 
'CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 30 vdc< !C = 0) 
'EBO 
— 
— 
50 
nAdc 


ON CHARACTERiSTICSU) 


DCCurrent Gain 
dc = 0.5 mAdc, Vce = 1-0 Vdc) 
(lC = 1.0 mAdc, Vce = 1-0 Vdc) 
(lC = 10 mAdc, Vce = 10 Vdc) 


hFE 
30 
50 
70 


— 
— 
— 


Collector-Emitter Saturation Voltage 
dc = 0.5 mAdc, Ib = 0.05 mAdc, 
0°C « T <«7CfC) 
VcE(sat) 
— 
0.05 
0.15 
Vdc 


Base-Emitter Saturation Voltage 
dc = 0.5 mAdc, Ib = 0.05 mAdc) 
VBE(sat) 
- 
0.65 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(lC = 10 mAdc, Vce = 20 Vdc, f= 100 MHz) 
fT 
200 
350 
- 
MHz 


Output Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 
C0bo 
— 
3.0 
4.5 
pF 


Input Capacitance 
(Veb = 0.5 Vdc, lC = 0, f = IOO kHz) 
PNP 
NPN 


Cibo 


- 
5.0 
4.0 
10 
8.0 


PF 


SWITCHING CHARACTERISTICS (TA = 25"C,Vcc = 5.0 Vdc) 


Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 
'PLH 
«PHL 


- 
15 
6.0 
25 
15 


ns 


Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 
tr 
5.0 
25 
35 
ns 


Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 
tf 
5.0 
10 
20 
ns 


(2) Pulse Test: Pulse Width * 300 us, Duty Cycle * 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


5-141 


MPQ6842 


NPN 
PNP 


FIGURE 1 - 
DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGE 
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FIGURE 3 - 
TEMPERATURE COEFFICIENTS 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 
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NOTES: 


1. 
Unless otherwise noted, all resistors 
carbon composition 14 W 15%, all 
capacitors dipped mica ±2%. 
2. 
Use short interconnect wiring with 
good power and ground busses. 
3. 
TP1 thru TP4 are coaxial connectors to 
accept scope probe tip and provido a 
good ground. 
4. 
Device undor test is MPQ6842. 
5. 
160 pF load does not Include stray 
or scope probe capacitance. 
6. 
Scope probe resistance > 5 kft. 
Scope probe capacitance < 10 pF. 
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MPQ7041 
MPQ7042 
MPQ7043 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


NPN SIUCON 


Refer to MPQ7051 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
MPO7041 MPQ7042 MPQ7043 
UnH 


Collector-Emitter Voltage 
VCEO 
150 
200 
250 
Vdc 


Collector-Base Voltage 
Vcbo 
150 
200 
250 
Vdc 


Emitter-Base Voltage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Die 
Four Die 
Equal Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


PD 
750 
5.98 
1700 
13.6 
mW 
mWVC 


Total Device Dissipation 
@ Tc = 25eC 
Derate above 25°C 


pd 
1.25 
10 
3.2 
25.6 
Watts 
mwrc 


Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 


100 
39 
167 
73.5 


"CAV 


"CAV 


Coupling Factors 
Q1-Q4 or 02-03 
Q1-Q2 or 03-04 
46 
5.0 
56 
10 


% 


% 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc. Ib = 0) 
MPQ7041 
MPQ7042 
MPQ7043 


V(BR)CEO 
150 
200 
250 


- 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 /iAdc. Ie = 0) 
MPQ7041 
MPQ7042 
MPQ7043 


V(BR)CBO 
150 
200 
250 


- 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(lE = 100 ftAdc.lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 120 vdc, Ie = o) 
(Vcb = 150 vdc. Ie = oi 
(Vcb = 180 vdc. Ie = o) 


MPQ7041 
MPQ7042 
MPQ7043 


>CBO 


- 


- 
100 
100 
100 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 1.0 mAdc. Vce = ™ Vdc) 
(lC = 10 mAdc, Vce = io Vdc' 
dC = 30 mAdc,Vce = 10 vdc' 


hFE 
25 
40 
40 


45 
60 
80 


- 


Collector-Emitter Saturation Vottage 
(lC = 20 mAdc, Ib - 2.0 mAdc) 
VCE(sat) 
— 
0.3 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 
VBE(sat) 
— 
0.7 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc.Vce = 20 Vdc.f = 100 MHz) 
h- 
50 
80 
— 
MHz 


Output Capacitance 
(Vcb - 20 Vdc. Ie = 0, f = 1.0 MHz) 
Cobo 
— 
2.5 
5.0 
PF 


Input Capacitance 
(Veb = 3.0 Vdc,lc = 0, f = I.OMHz) 
Cjbo 
40 
50 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


5-144 


MAXIMUM RATINGS 


Rating 
Symbol 
MPQ7051 
MPQ7052 
MPQ7053 
Unit 


Collector-Emitter Voltage 
VCEO 
150 
200 
250 
Vdc 


Collector-Base Voltage 
vcbo 
150 
200 
250 
Vdc 


Emitter-Base Vottage 
vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each Die 


Four Die 
Equal 
Power 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
760 
5.98 
1700 
13.6 
mW 
mWVC 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


pd 
1.25 
10 
3.2 
25.6 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 
JThermal Resistance 
Each Die 
1 
Effective, 4 Die 
100 
39 
167 
73.5 
•CAV 


°CAV 
I Coupling Factors 
Q1-Q4 orQ2-Q3 
| 
Q1-Q2orQ3-Q4 
46 
5.0 
56 
10 


% 


% 


MPQ7051 
MPQ7052 
MPQ7053 


CASE 646-05, TYPE 2 
TO-116 


QUAD 
COMPLIMENTARY PAIR 
TRANSISTOR 


NPN/PNP SIUCON 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottage 
dC = 1.0 mAdc, Ib = 0) 
MPQ7051 
MPQ7052 
MPQ7053 


V(BR)CEO 
150 
200 
250 


- 


Vdc 


Collector-Base Breakdown Voltage 
(lC = 100 f<Adc, Ie = 0) 
MPQ7051 
MPQ7052 
MPQ7053 


v(BR)CBO 
150 
200 
250 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 uAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 120 Vdc, Ie = 0) 
MPQ7051 
(Vcb = 150 vdc, iE = o) 
MPQ7052 
(Vcb = 180 Vdc, Ie = 0) 
IWPQ7053 


>CBO 


- 
250 
250 
250 


nAdc 


Emitter Cutoff Current 
(vBe = 3.o vdc. ic = o) 
•ebo 
— 
100 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce 
=" 10 Vdc) 
(lC = 30 mAdc, Vce = 10 Vdc) 


hFE 
25 
35 
25 


— 
— 


Collector-Emitter Saturation Vottage 
dc = 20 mAdc, Ib = 2.0 mAdc) 
vCE(sat> 
. 
— 
0.7 
Vdc 
Base-Emitter Saturation Voltage 
dc - 20 mAdc, Ib - 2.0 mAdc) 
VBE(sat) 
— 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VCe = 20 Vdc, f = 100 MHz) 
fT 
50 
— 
MHz 


Output Capacitance 
(VCB = 20 Vdc, lc = 0, f = 1.0 MHz) 
Cobo 
— 
6.0 
PF 


Input Capacitance 
(Veb = 3.o vdc, ic = o, f = i.o MHz) 
npn 
PNP 


Cibo 


- 
50 
75 


PF 
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MPQ7051, MPQ7052, MPQ7053 


NPN 


DC CHARACTERISTICS 


FIGURE 1 -DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGES 
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MAXIMUM RATINGS 


Rating 
Symbol 
MPQ7091 
MPQ7092 MPO7093 
Unit 


Collector-Emitter Voltage 
VCEO 
150 
200 
250 
Vdc 


Collector-Base Voltage 
Vcbo 
150 
200 
250 
Vdc 


Emitter-Base Voltage 
Vebo 
5.0 
Vdc 


Collector Current — Continuous 
ic 
500 
mAdc 


Each 
Die 
Four Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25°c 
Derate above 25°C 


pd 
750 
5.S8 
1700 
13.6 
mW 
mW/°C 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
1.25 
10 
3.2 
25.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. T8tg 
-55 to +150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Junction to 
Case 
Junction to 
Ambient 
Unit 


Thermal Resistance 
Each Die 
Effective, 4 Die 
100 
39 
167 
73.6 
•CAV 


"CAV 


Coupling Factors 
Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 
46 
5.0 
56 
10 


% 


% 


MPQ7091 
MPQ7092 
MPQ7093 


CASE 646-05, STYLE 1 
TO-116 


QUAD 
AMPLIFIER TRANSISTOR 


PNP SIUCON 


Refer to MPQ7051 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 
| 
Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC «• 1.0 mAdc, Ib = 0) 
MPQ7091 
MPQ7092 
MPQ7093 


V(BR)CEO 
150 
200 
250 


- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 
MPQ7091 
MPQ7092 
MPQ7093 


V(BR)CBO 
150 
200 
250 


- 


Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 100 ftAdc. lc = 0) 
V(BR)EBO 
5.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 120 Vdc. Ie = 0) 
(Vcb = 150 vdc, i£ = o) 
(Vcb - 180 vdc, ie = o) 


MPQ7091 
MPQ7092 
MPQ7093 


•CBO 


- 
- 
250 
250 
250 


nAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = oi 
>EBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 1.0 mAdc, Vce - 10 Vdc) 
dC = 10 mAdc. Vce = 1° Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 


hpE 
25 
35 
25 


40 
55 
so 


- 


— 


Collector-Emitter Saturation Voltage 
dc - 20 mAdc, IB = 2.0 mAdc) 
VCE(sat) 
— 
0.3 
0.5 
Vdc 


Base-Emitter Saturation Voltage 
(lc = 20 mAdc, Ib = 2.0 mAdc) 
VBE(sat) 
— 
0.7 
0.9 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VCe = 20 Vdc, f = 100 MHz) 
fT 
50 
70 
— 
MHz 


Output Capacitance 
(Vcb = 20 Vdc, lE = 0, f = 1.0 MHz) 
cobo 
— 
3.0 
5.0 
PF 


Input Capacitance 
(Veb = 30 vdc, ic = o, f = 1.0 mhz) 
Cibo 
— 
60 
75 
PF 


lfll|9o2 
For Specifications, See MD982 Data. 
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The data sheets on the following pages are designed to em 
phasize those FETs that by virtue of widespread industry use, 
ease of manufacture, and consequently low relative cost, merit 
first consideration for new equipment design. Package options 
ffom low-cost plastic to metal packages are available. 


CAUTION: 
Static electricity is a surface phenomenon which most com 
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. Fromsimple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 
Motorola believes it is important to extend an emphasizing 
note of cautiousness when handling and testing ANYFETprod 
uct. Precautions include, but are not limited to, the implemen 
tation of staticsafe workstations and proper handling techniques 
(see below). Additionally,itis very Important to keep FETdevices 
in their antistatic shipping containers and away from any static- 
generating materials. 


HANDLING CONSIDERATIONS: 


MOS FtekJ-Effect Transistors, due to their extremely high input 
resistance, are subject to potential damage by the accumulation 
ofexcess staticcharge. To avoid possible damage to the devices 
while handling, testing, or in actual operation, the following pro 
cedure should be followed: 
1. The leads of the devices should remain wrapped in the 
shorting spring except when being tested or in actual op 
eration to avoid the build-up of static charge. 
2. Avoid unnecessary handling; when handled, the devices 
should be picked up by the can instead of the leads. 
3. The devices should not be inserted or removed from cir 
cuits with the power on as transient voltages may cause 
permanent damage to the devices. 


6-1 


Field-Effect 
Transistors 


2N2608 
2N2609 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Gate Current 
>g 
50 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Storage Temperature Range 
Tsta 
-60 to + 2C0°C 
•c 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = 1.0 ftA) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(VGS = 5.0 V) 
>GSS 
— 
10 
nA 


Gate Source Cutoff Voltage 
(VDS= -5.0 V, lD = -1.0 mA) 
VGS(off) 
1.0 
4.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = -5.ov, vqs = ov) 


SMALL-SIGNAL CHARACTERISTICS 


2N2608 
2N2609 


IDSS* 
-0.9 
-2.0 
-4.5 
-10.0 


mA 


Forward Transfer Admittance 
(Vds = -5.0 V,f = 1.0kHz) 
2N2608 
2N2609 


lYfsl* 
1000 
2500 


- 
fimhos 


Input Capacitance 
(Vds = "5.0 V,Vqs = I.O V,f = 140kHz) 
2N2608 
2N2609 


Cjss 
17 
30 


PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = -5.0 V,f = 1.0 kHz, R = 1.0 meg) 


NF 
— 
3.0 
dB 


'Pulse Width « 100 msec. Duty Cycle « 10%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Drain Current 
id 
50 
mA 


Total Device Dissipation @ Ta, = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Storage Temperature Range 
Tstq 
-60 to +20CrX 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N2843 
2N2844 


CASE 22-03, STYLE 22 
TO-18 (TO-206AA) 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


Symbol 
Min 
Max 
Unit 


Gate-Source Breakdown Vottage 
(Iq = 1.0 ftA) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(Vqs = 5.0 V) 
'GSS 
— 
10 
nA 


Gate Source Cutoff Voltage 
(vDs = -5.ov, iD = -i.o ftA) 
VGS(off) 
— 
1.7 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = -5.0 V) 
2N2843 
2N2844 


loss" 
200 
440 
1000 
2200 


ftA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VDs = -5.0 V. f = 1.0 kHz) 
2N2843 
2N2844 


lYfal* 
540 
1400 


- 
fimnos 


Input Capacitance 
(VDS = "SO V, Vqs = 1.0 V, f = 140 kHz) 
2N2843 
2N2844 


ciss 


- 
17 
30 


PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = -5.0 V, f = 1.0 kHz, Rq =• 1.0 meg) 
NF 
— 
3.0 
dB 


•Pulse Width « 630 ms, Duty Cycle = 10%. 
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2N3330 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Refer to 2NS460 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Gate Voltage 
VDG 
20 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
20 
Vdc 


Gate Current 
iq 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
0.3 
2.0 
Watts 
mW/°C 


Storage Temperature Range 
TStfl 
-65 to +200 
°C 


ELECTRICAL CHARACTERiSTICS (Ta = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 ftAdc,Vds " °) 
V(BR)GSS 
20 
— 
Vdc 


Gate Reverse Current 
(Vqs = io vdc. vDs = o) 
(Vqs = 10 Vdc,Vds ° 0, TA = 150'C) 


>GSS 


- 
10 
10 
nAdc 
fiAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 
(vDs= -10 vdc, vqs = o) 
IDSS 
2.0 
6.0 
mAdc 


Gate-Source Voltage 
(VDG = -15 Vdc,Id = 10 MAdc) 
vqs 
— 
6.0 
Vdc 


Drain-Source Resistance 
(lD = 100 ftAdc. Vqs = 0) 
ros 
— 
800 
Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer AdmittanceO) 
(VDs - -10 Vdc,Id = 2.0 mAdc.f = 1.0 kHz) 
(Vds = -10 Vdc,Id = 2.0 mAdc.f = 10 MHz) 


ivfsl 
1500 
1350 
3000 
Mmhos 


Output Admittance 
(Vdsl= -10 Vdc. Id = 2.0mAdc. f = 1.0kHz) 
Ivosl 
— 
40 
Mmhos 


Reverse Transfer Conductance 
(Vds = -10 Vdc. Id = 2.0 mAdc.f = 1.0 kHz) 
iVrsI 
— 
0.1 
Mmhos 


Input Conductance 
(VDS = -10 Vdc,Id = 2.0 mAdc,f = 1.0 kHz) 
Ivisl 
— 
0.2 
Mmhos 


Input Capacitance 
(VDs = -10 Vdc,Vqs = 1.0Vdc,f = 1.0 MHz) 
Ci88 
— 
20 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Rgure 
(Vds =• -5-0 Vdc, Id = 1.0mAdc, Rq = 1.0Megohm, f = 1.0kHz) 


NF 
3.0 
dB 


(1) Pulse Test: Pulse Width « 630 ms, Duty Cycle « 10%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
20 
Vdc 


Drain-Gate Voltage 
VDG 
20 
Vdc 


Gate-Source Voltage 
vgs 
20 
Vdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25 C 
pd 
300 
2.0 
mW 
mW/°C 


Storage Temperature Range 
Tstn 
-65 to +200 
•C 


ELECTRICAL CHARACTERiSTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


Symbol 


2N3331 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


JFET 
LOW-FREQUENCY 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


MIn 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = 10 mA) 
V(BR)GSS 
20 
— 
Vdc 


Gate Reverse Current 
(Vqs - io v. v0s = o) 
>GSS 
— 
10 
nA 


Gate Source Cutoff Voltage 
(Vds = -15 V, iD ° -10 mA) 
VGS(off) 
— 
8.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(vDs = -10V, vGs = ov» 
IDSS* 
-5.0 
-15.0 
mA 


Drain-Source Resistance 
(lD = -100 mA,VQS = 0) 
ros 
— 
800 
ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = -10 V, Id = -5.0 mA, f = 1.0 kHz) 
IVfsl' 
2000 
4000 
Mmhos 


Output Admittance 
(VDs = "IO V, Id = -2.0 mA, f = 1.0 kHz) 
IyosI* 
— 
100 
Mmhos 


Forward Transfer Admittance 
(Vds = -10 V. Id = -2.0 mA, f = 10 MHz) 
Vfs* 
1350 
— 
Mmhos 


Input Capacitance 
(vDs = -10 v, Vqs = 10 v, f = 1.0 mhz) 
*-iss 
— 
20 
PF 


FUNCTIONAL CHARACTERiSTICS 


Noise Figure 
(Vds = -5.0 V, Id = - I.O mA, Rq = 1.0 MO, f = 1.0 kHz) 


NF 
— 
4.0 
dB 


'Pulse Width <s 300 ms. Duty Cycle =s 10%. 
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2N3436 
2N3437 
2N3438 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
LOW-FREQUENCY 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Gate Vottage 
VDG 
50 
Vdc 


Gate-Source Voltage 
vgs 
50 
Vdc 


Gate Current 
ig 
10 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mWrt 


Storage Temperature Range 
Tsta 
-65 to +175 
"C 


ELECTRICAL CHARACTERiSTICS (Ta ° 25*C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0 mA) 
V(BR)GSS 
50 
— 
Vdc 


Gate Reverse Current 
(Vqs= -30 V) 
>GSS 
— 
0.5 
nA 


Gate Source Cutoff Voltage 
(Vds = 20 V,Id = 1.0 nA) 
2N3436 
2N3437 
2N3438 


VGS(off) 


- 
10.0 
5.0 
2.5 


Vdc 


Gate Source Voltage 
(Vds = 20 V,Id = 1.0 mA) 
2N3436 
2N3437 
2N3438 


vgs 


- 
9.8 
4.8 
2.3 


Vdc 


ON CHARACTERiSTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 20 V) 
2N3436 
2N3437 
2N3438 


idss* 
3.0 
0.8 
0.2 


15 
4.0 
1.0 


mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 20V,f = 1.0 kHz) 
2N3436 
2N3437 
2N3438 


lYfsl 
2500 
1500 
800 


10000 
6000 
4500 


Mmhos 


Output Admittance 
(Vds = 30V,f = 1.0 kHz) 
2N3436 
2N3437 
2N3438 


IVosI 


- 
35 
20 


5 


Mmhos 


Input Capacitance 
(vDs a io v) 
(vDs = so vi 
(Vds = 4.0 V.f = 1.0 MHz) 


2N3436 
2N3437 
2N3438 


Ciss 
18 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 1° V. RG = 10 mO, f = 1.0 kHz) 


NF 
— 
2.0 
dB 


'Pulse Width « 630 msec. Duty Cycle < 10%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Gate Voltage 
VDG 
50 
Vdc 


Gate-Source Vottage 
vgs 
50 
Vdc 


Gate Current 
ig 
10 
mA 


Total Device Dissipation @ Ta •= 25'C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mW/'C 


Storage Temperature Range 
Tsta 
-65 to +175 
°C 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


2N3458 
2N3459 
2N3460 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
LOW-FREQUENCY/ 
LOW NOISE 


N-CHANNEL — DEPLETION 


Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = 1.0 mA) 
V(BR)GSS 
-50 
— 
Vdc 


Gate Reverse Current 
(VGs = -30 V) 
>GSS 
— 
-.25 
nA 


Gate Source Cutoff Voltage 
(Vds = 20, Id = 10 mA) 
2N3458 
2N3459 
2N3460 


VGS(off) 


- 
-7.8 
-3.4 
-1.8 


Vdc 


ON CHARACTERISTICS 
I Zero-Gate-Voltage Drain 
(VDS= 20 Volts) 
2N3458 
2N3459 
2N3460 


IDSS* 
3.0 
0.8 
0.2 


15.0 
4.0 
1.0 


mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 20Volts, f = 1.0 kHz) 
2N3458 
2N3459 
2N3460 


IVfsl' 
2500 
1500 
800 


10000 
6000 
4500 


Mmhos 


Output Admittance 
(Vds = 30 Volts,f = 1.0 kHz) 
2N3458 
2N3459 
2N3460 


lyosl 


- 
35 
20 


5 


Mmhos 


Input Capacitance 
(Vds - 10 V) 
Ciss 


— 
18 
PF 


Output Capacitance 
(VDS - 30 V) 
coss 
— 
S.O 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Rgure 
NF 
dB 
(Vds = io v, f = 20 Hz, Rq = 1.0 mo) 
2N3458 
— 
6.0 
2N3459 
— 
4.0 
2N3460 
— 
4.0 


•Pulse Width <s 100 msec. Duty Cycle « 10%. 
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2N3796 
2N3797 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 


MOSFET 
LOW-POWER AUDIO 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
2N3796 
2N3797 


vds 
25 
20 


Vdc 


Gate-Source Voltage 
vgs 
±10 
Vdc 


Drain Current 
id 
20 
mAdc 
Total Device Dissipation@ Ta - 25°C 
Derate above 25'C 
pd 
200 
1.14 
mW 
mW/'C 
Junction Temperature Range 
tj 
+ 175 
°C 
Storage Channel Temperature Range 
Tsta 
-65 to +175 
X 


ELECTRICAL CHARACTERiSTICS (TA = 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs = -4.0 V, Id = 5.0 mA) 
2N37S6 
(Vqs = "7.0 V, Id = 5.0 mA) 
2N3797 


V(BR)DSX 
25 
20 
30 
25 


- 
Vdc 


Gate Reverse Current!1) 
(Vqs = -lov, vDs = o) 
(Vqs = -io v, vds = o, ta = isoxi 


•gss 


- 
- 
1.0 
200 


pAdc 


Gate Source Cutoff Voltage 
dD " 0.5 mA, Vds = 10 V) 
2N3796 
do = 2.0 ma, Vds = 10 v) 
2N3797 


VGS(off) 


- 
-3.0 
-5.0 
-4.0 
-7.0 


Vdc 


Drain-Gate Reverse CurrentO) 
<VDG = 10 V, lS = 0) 
idgo 
— 
— 
1.0 
pAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 10 v, vqs = 0) 
2N3796 
2N3797 


IDSS 
0.5 
2.0 
1.5 
2.9 
3.0 
6.0 


mAdc 


On-State Drain Current 
(VDS = 10 V. VQS = +3.5 V) 
2N3796 
2N3797 


'D(on) 
7.0 
9.0 
8.3 
14 
14 
18 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V, Vqs = 0, f = 1.0 kHz) 
2N3736 
2N3797 


(Vds = 10 v, Vqs = 0, f = 1.0 mhz) 
2N3796 
2N3797 


IVfsl 
SOO 
1500 


SOO 
1500 


1200 
2300 
1800 
3000 


Mmhos 


Output Admittance 
(Vds = 10 V. Vqs = O, f = 1.0 kHz) 
2N37S6 
2N3797 


IVosI 


- 
12 
27 
25 
60 


Mmhos 


Input Capacitance 
(vDs = 10 v, vqs = 0, f = 1.0 mhz) 
2N3796 
2N3797 


ciss 


- 
5.0 
6.0 
7.0 
8.0 


pF 


Reverse Transfer Capacitance 
(Vds = 10 v, vqs = 0. f = 1.0 mhz) 
Crss 
— 
0.5 
0.8 
pF 


FUNCTIONAL CHARACTERiSTICS 


Noise Rgure 
(Vds = 10 V, Vqs = O, f = 1.0 kHz, Rs = 3 megohms) 


NF 
— 
3.8 
— 
dB 


(1) This value of current includes both the FET leakage current as well as the leakage current associated with the test socket and fixture 
when measured under best attainable conditions. 
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2N3796, 2N3797 


TYPICAL DRAIN CHARACTERiSTICS 
FIGURE 2-2N3797 
FIGURE 1 - 
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II 


Vos = 10V 


5'C 
TA =2 
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2.0 3.0 
5.0 
10 
20 
CURRENT(mA) 


MOTOROLA SEMICONDUCTORS 


2N3796, 2N3797 


RGURE S — FORWARD TRANSFER ADMITTANCE 
RGURE 6 — OUTPUT ADMITTANCE 
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RGURE 7 — NOISE RGURE 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
50 
Vdc 


Drain-Gate Voltage 
VDG 
50 
Vdc 


Gate-Source Voltage 
vgs 
-50 
Vdc 


Drain Current 
id 
10 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/'C 


Junction Temperature Range 
tj 
175 
°C 


Storage Temperature Range 
Tstg 
-65 to +200 
'C 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3821 
2N3822 
2N3824 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
LOW FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 
JAN 2N3821 AND JAN 2N3822 AVAILABLE 


Refer to 2N4220 for graphs. 


Symbol 
Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = -1.0,jAdc.VDS = 0) 
V(BR)GSS 
-50 
- 
Vdc 


Gate Reverse Current 
(Vqs = -30Vdc,VDS = 0) 
(Vqs = -30 vdc, vDs = o, ta = i50°o 


>GSS 


- 
-0.1 
-100 


nAdc 


Gate Source Cutoff Voltage 
(Iq = 0.5 nAdc, Vqs = 15 Vdc) 
2N3821 
2N3822 


VQS(off) 


- 
-4.0 
-6.0 


Vdc 


Gate Source Voltage 
(ID = 50 ftAdc,VDS = 15 Vdc) 
2N3821 
(ID = 200 jiAdc, VDS = 15 Vdc) 
2N3822 


vgs 
-0.5 
-1.0 
-2.0 
-4.0 


Vdc 


Drain Cutoff Current 
(Vds = 15 Vdc, Vqs = -8.0 Vdc) 
2N3824 
(Vds = 15 Vdc, VGS = -8.0 Vdc, Ta = 150'C) 
2N3824 


iD(off) 


- 
0.1 
100 


nAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current!1) 
(Vds = 15 vdc, Vqs = oi 
2N3821 
2N3822 


>DSS 
0.5 
2.0 
2.5 
10 


mAdc 


Static Drain-Source On Resistance 
(Vqs = 0, lD = 0, f = 1.0 kHz) 
2N3824 
fDS(on) 
— 
250 
Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz)(1) 
2N3821 
2N3822 


(vDs = 15 vdc, vqs = 0, f = 100 mhz) 
2N3821 
2N3822 


lYfsl 
1500 
3000 


1500 
3000 


4500 
6500 


Itmhos 


Output AdmittanceO) 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
2N3821 
2N3822 


IVosI 


- 
10 
20 


/imhos 


Input Capacitance 
(Vds = 15 Vdc, VGS = 0, f = 1.0 MHz) 
ciss 
— 
6.0 
PF 


Reverse Transfer Capacitance 
(VDs = 15 Vdc, Vqs = O,f = 1.0 MHz) 
2N3821 
2N3822 


(Vqs = -8.0 Vdc, VDS = 0, f = 1.0 MHz) 
2N3824 


Crss 


- 
3.0 
3.0 


3.0 


pF 
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2N3821, 2N3822, 2N3824 


ELECTRICAL CHARACTERISTICS (continued) (TA == 25'C unless otherwise noted.) 


Characteristic 
Symbol 
| 
Min 
| 
Max 
Unh 
| 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds =* 15 Vdc, Vqs = 0, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 
2N3821.2N3822 
NF 
5.0 
dB 


Equivalent Input Noise Voltage 
(Vds = 15 Vdc. Vqs = 0, f = 10 Hz, 
Noise Bandwidth = 5.0 Hz) 
2N3821, 2N3822 
en 


" 


200 
nv/Hz'A 


(1) Pulse Test: Pulse Width * 100 ms, Duty Cycle « 10%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
VDG 
30 
Vdc 


Gate-Source Voltage 
vgs 
-30 
Vdc 


Gate Current 
ig 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/'C 


Junction Temperature Range 
Tj 
175 
'C 


Storage Temperature Range 
Tsto 
-65 to +200 
'C 


2N3823 


JAN, JANTX AVAILABLE 
CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS |TA = 25'C unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG= -1.0,tAdc,VDS = 0) 
V(BR)GSS 
-30 
— 
Vdc 


Gate Reverse Current 
(vGs = -20 vdc, vDs = o) 
(Vqs = -20 Vdc, Vds = 0, Ta = 150°C) 


>GSS 


- 
-0.5 
-500 


nAdc 


Gate Source Cutoff Voltage 
(ID = 0.5 nAdc, Vds = 15 Vdc) 
VGS(off) 
— 
-8.0 
Vdc 


Gate Source Voltage 
(ID = 0.4 mAdc, VDS = 15 Vdc) 
vqs 
-1.0 
-7.5 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain CurrentO) 
I 
(Vds = 15 Vdc, VGS = 0) 
>DSS 
4.0 
20 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 vdc, vqs = o, f = 1.0 kHzim 
(vDs = 15 vdc, vqs = 0, f = 200 mhz) 


IVfsl 
3500 
3200 
6500 
;xmh08 


Input Admittance 
(VDS = 15 Vdc, Vqs = 0, f = 200 MHz) 
Re(yjS) 
— 
800 
/imhos 


Output Conductance 
(Vds = 15 vdc. vGs = 0, f = 1.0 kHzMi 
(Vds = 15 Vdc, Vqs = 0, f = 200 MHz) 
lyosl 
Re(yos) 


- 
35 
200 


j^mhos 


Input Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Ciss 
— 
6.0 
pF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Crss 
— 
2.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc, Vqs = O, Rs = 1000 ohms, f = 100 MHz) 


NF 
— 
2.5 
dB 


(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle <s 10%. 
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2N3909.A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Source Voltage 
vds 
-20 
Vdc 


Drain-Gate Voltage 
vdg 
-20 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
20 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


Forward Gate-Source Voltage 
VGSF 
20 
Vdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Storage Temperature Range 
Tstn 
-65 to +200 
•c 


Refer to 2N5460 for graphs. 


ELECTRICALCHARACTERISTICS (TA = 25'C unless otherwise noted.) (1) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERiSTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 /iAdc. VDS = 0) 
V(BR)GSS 
20 
— 
Vdc 


Gate Reverse Current 
(Vqs = 10 Vdc. VDs - 0) 
(Vqs = io vdc, vDs = o, ta = 100*0 


<GSS 


- 
10 
1.0 
nAdc 
ftAdc 


Gate Source Cutoff Voltage 
(Vds = -10 Vdc, Id =• 10ftAdc) 
2N3909 
2N3909A 


VQS(off) 


- 
8.0 
8.0 


Vdc 


Gate Source Voltage 
(VDs = -10 Vdc, Id = 30 j«Adc) 
vgs 
0.3 
7.9 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) 
(Vps = -10 Vdc.Vqs = 0) 
2N3309 
2N3909A 


loss 
0.3 
1.0 


mAdc 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance^) 
(Vds = -10 Vdc, Vqs = O. f = 1.0kHz) 
2N3909 
2N3909A 


(Vds a -10 Vdc, Vqs ° 0, f = 10 MHz) 
2N3909 
2N3909A 


lYfsl 
1000 
2200 


900 
2000 


5000 
5000 


/tmhos 


Output Admittance 
(Vds = -10 Vdc,Vqs = 0. f = 1.0 kHz) 
IyosI 
— 
100 
/tmhos 


Input Capacitance 
(Yds = " 10Vdc.Vqs 
•=• 0, f = 1.0 MHz) 
2N3309 
2N3909A 


Ciss 


- 
32 
9.0 


PF 


Reverse Transfer Capacitance 
(Vds = -10 vdc vqs = 0, f = 1.0 mhz) 
2N3309 
2N3909A 


cr88 


_ 
16 
3.0 


PF 


(1)The fourth lead (case) is connected to the source for all measurements. 
(2) Pulse Test: Pulse Width < 630 ms. Duty Cycle « 10%. 


MOTOROLA SEMICONDUCTORS 


6-14 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
VDG 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Gate Current 
iq 
10 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C (Free Air) 
pd 
300 
1.71 
mW 
mW/'C 


Lead Temperature 
(1/16* from Case for 10 Seconds) 
tl 
300 
•c 


Storage Temperature Range 
Tsta 
-55 to 200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N3966 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
HIGH-FREQUENCY AMPURER 


N-CHANNEL — DEPLETION 


Symbol 
Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
do = vo ftA, vDs = o) 
V(BR)GSS 
-30 
— 
Vdc 


Gate Reverse Current 
(Vqs = 20 v, vDs = o) 
>GSS 
— 
0.1 
nA 


Drain Cutoff Current 
(Yds = io v, vgs = -*.o v. ta = i5o°o 
'D(off) 
— 
2.0 
?A 


Gate Source Cutoff Voltage 
do = io nA. vDs = 10 v) 
VGS(off) 
4.0 
6.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 20V. vqs ° o) 
'DSS 
2.0 
- 
mA 


Drain-Source "ON" Voltage 
<lD = 1.0 mA, VQS = 0V) 
VDS(on) 
— 
0.25 
Vdc 


Drain Reverse Current 
(Vdg = 20 V, Is = 0 A) 
(25'C) 
(150'C) 


IDGO 


- 
0.1 
0.2 
nA 
ftA 


Static Drain-Source On Resistance 
(Vqs = OV.Id = 0.f = 1.0 kHz) 
'DS(on) 
— 
220 
n 


SMALL-SIGNAL CHARACTERiSTICS 


Input Capacitance 
(Vds = 20 v. Vgs = 0 v, f = 1.0 mhz) 
Ciss 
- 
6.0 
PF 


Reverse Transfer Capacitance 
(Vds = 0 v, Vqs = ?.o v, f = 1.0 mhz) 
Crss 
— 
1.5 
PF 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) 
td 
0.02 
psec 
Rise Time (Sea Figure 1) 
100 
Turn-Off Time (See Figure 1) 
toff 
100 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3970 
2N3971 
2N3972 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
40 
Vdc 


Drain-Gate Voltage 
vdg 
40 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
40 
Vdc 


Forward Gate Current 
IGF 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.8 
10 
Watts 
mW/'C 


Storage Temperature Range 
Tsta 
-65 to +200 
X 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq - 1-0ftAdc, Vqs ~ 0) 
V(BR)GSS 
40 
— 
Vdc 


Gate Reverse Current 
(Vqs = 20 Vdc,Vds = °) 
IGSS 
— 
250 
pAdc 


Drain Reverse Current 
(Vdg = 20 Vdc, Is = 0) 
(Vdg = 20 Vdc, Is = 0, Ta = 150'C) 
idgo 
— 
250 
500 
pAdc 
nAdc 


Drain Cutoff Current 
(Vds = 20 Vdc, Vqs = -12 Vdc) 
(Vds = 20 Vdc,Vqs = -12Vdc,TA = 150°C) 
'D(off) 
250 
500 
pAdc 
nAdc 


Gate Source Voltage (Vds = 20 Vdc,Id = 10 nAdc) 
2N3970 
2N3971 
2N3972 


vqs 
4.0 
2.0 
0.5 


10 
5.0 
3.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain CurrentO) 
(Vds = 20 Vdc, Vqs = 0) 
2N3970 
2N3971 
2N3972 


IDSS 
50 
25 
5.0 


150 
75 
30 


mAdc 


Drain-Source On-Voltage (Id = 20 mAdc,Vqs = 0) 
2N3970 
(lD = 10 mAdc,Vqs = 0) 
2N3971 
(ID = 5.0 mAdc,Vqs = 0) 
2N3972 


VDS(on) 


- 


1.0 
1.5 
2.0 


Vdc 


Static Drain-Source On Resistance 
(Id = 10 mAdc, Vqs = 0) 
2N3970 
2N3971 
2N3972 


'DS(on) 


- 
30 
60 
100 


Ohms 


SMALL-SIGNAL CHARACTERISTICS 
Drain-Source "ON" Resistance (Vqs = 0, Id = 0, f = 1.0 kHz) 
2N3970 
2N3971 
2N3972 


rds(on) 


- 
30 
60 
100 


Ohms 
I 


InputCapacitance 
(Vds = 20 Vdc, Vqs = 0, f = 1.0 MHz) 
Cjss 
- 
25 
pF 


Reverse Transfer Capacitance 
(Vds = °>VGS = "12 Vdc-f ° 1-° MHz' 
Crss 
— 
6.0 
pF 


SWITCHING CHARACTERISTICS 


Turn-On 
Delay Time 
Test Condition for 2N3970: 
(Vdd = 10Vdc, VQS(on) = 0, 
2N3970 
lD(on) = 20 mAdc, VQS(off) = 10Vdc) 
2N3971 
2N3972 


Test Condition for 2N3971: 
(VDD = 10Vdc, VGS(on) = 0, 
2N3970 
lD(on) = 1° mAdc- vGS(on) = 5.0Vdc) 
2N3971 
2N3972 


Test Condition for 2N3972: 
(VDd = 10Vdc, VQS(on) = 0, 
2N3970 
lD(on) = 5.0mAdc, VGs(0ff) = 3.0Vdc) 
2N3971 
2N3972 


ld(on) 


- 
10 
15 
40 


ns 


Rise Time 
tr 


- 


10 
15 
40 


ns 


Turn-Off Time 
toff 


- 


30 
60 
100 


ns 


(1) Pulse Test: Pulse Width = 300 /is. Duty Cycle = 3.0%. 


MOTOROLA SEMICONDUCTORS 


f>16 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
VDS 
-25 
Vdc 


Drain-Gate Voltage 
vdg 
-25 
Vdc 


Reverse Gate-Source Voltage 
Vgsr 
25 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25'C 
pd 
300 
2.0 
mW 
mW/'C 


Storage Temperature Range 
Tsta 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


2N3993.A 
2N3994,A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 


Symbol 
Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = 1.0 /iAdc. Vds = 0) 
V(BR)GSS 
25 
— 
Vdc 


Drain Reverse Current 
(VDg ° -15 Vdc, Is = 0) 
(Vdg = -15 Vdc, Is = 0,Ta = 150°C) 


IDGO 


- 
1.2 
1.2 
nAdc 
/iAdc 


Drain Cutoff Current 
(Vds = -10 Vdc, Vgs = 10 Vdc) 
2N3993, 2N3993A 
(Vds = -10 Vdc, Vgs = &0 Vdc) 
2N3994, 2N3994A 
(Vds = -10 Vdc, Vqs = 10 Vdc, Ta = 15C) 
2N3993, 2N3993A 
(VDs ° -10 Vdc. Vqs = 6.0 Vdc, Ta = 15C) 
2N3994. 2N3994A 


<D(off) 


— 


1.2 
1.2 
1.0 
1.0 


nAdc 


ftAdc 


Gate Source Voltage 
(Vds = -10 Vdc. Id = -1.0 /iAdc) 
2N3993, 2N3993A 
2N3994, 2N3994A 


vqs 
4.0 
1.0 
9.5 
5.5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current!1) 
(VDs = -10 Vdc, Vqs = 0) 
2N3993, 2N3993A 
2N3994, 2N3994A 


idss 
10 
2.0 


- 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = 0, Id = 0, f = 1.0 kHz) 
2N3993, 2N3993A 
2N3994, 2N3994A 


rds(on) 


- 
150 
300 


Ohms 


Forward Transfer Admittance(l) 
(Vds = -10 Vdc, Vqs = 0, f = 1.0 kHz) 
2N3993 
2N3993A 
2N3994 
2N3994A 


lYfsl 
6.0 
7.0 
4.0 
5.0 


12 
12 
10 
10 


mmhos 


Input Capacitance 
(Vds = - io vdc, vqs = o, f = lo mhz) 
2N3993,2N3994 
2N3993A, 2N3994A 


Cj8S 


- 
16 
12 


pF 


Reverse Transfer Capacitance 
(Vds = 0. Vqs = 10 Vdc. f = 1.0 MHz) 
2N3993 
2N3993A 


(Vds = 0, Vqs = o.o vdc, f = 1.0 mhz) 
2N3994 
2N3994A 


Crss 


— 
4.5 
3.0 


5.0 
3.5 


PF 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N4091 
2N4092 
2N4093 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
40 
Vdc 


Drain-Gate Voltage 
vdg 
40 
Vdc 


Gate-Source Voltage 
vgs 
40 
Vdc 


Gate Current 
ig 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.8 
10 
Watts 
mW/°C 


Junction Temperature Range 
tj 
-65 to +175 
°C 


Storage Temperature Range 
TStQ 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERiSTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0/iAdc,VDS = 0) 
V(BR)GSS 
40 
— 
Vdc 


Drain-Gate Breakdown Voltage 
«D = 1.0/iAdc, Is = 0) 
V(BR)DGO 
40 
— 
Vdc 


Gate Source Cutoff Voltage 
(Vds = 20Vdc, lD = 10 nAdc) 
2N4091 
2N4092 
2N4093 


VGS(off) 
5.0 
2.0 
1.0 


10 
7.0 
5.0 


Vdc 


Source Reverse Current 
(Vsg = 20 Vdc, lD = 0) 
>SGO 
— 
0.2 
nAdc 


Drain Reverse Current 
(Vdg = 20 vdc, is = o) 
(vDg = 20 vdc, id = o, ta = i50°o 


>DGO 


- 
0.2 
0.4 


nAdc 


ftAdc 


Drain-Cutoff Current 
(Vds = 20Vdc,Vqs = 12Vdc) 
2N4091 
(Vds = 20vdc, vqs = so vdc) 
2N4092 
(Vds = 20Vdc,Vqs = 6.0Vdc) 
2N4093 
(Vds = 20Vdc,Vqs = 12Vdc,TA = 150°C) 
2N4091 
(Vds = 20Vdc,Vqs = 8.0Vdc,Ta = 150°C) 
2N4092 
(Vds = 20Vdc,Vqs = 6.0Vdc, Ta = 150°C) 
2N4093 


'D(off) 


- 


0.2 
0.2 
0.2 
0.4 
0.4 
0.4 


nAdc 


ftAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(vDs = 20 vdc, vqs = 0) 
2N4091 
2N4092 
2N4093 


IDSS* 
30 
15 
8.0 


- 
mAdc 


Drain-Source On-Voltage 
(ID = 6.6 mAdc, Vqs = 0) 
(ID = 4.0 mAdc, Vqs = 0) 
(lD = 2.5 mAdc, Vqs = 0) 


2N4091 
2N4092 
2N4093 


VDS(on) 


- 


0.2 
0.2 
0.2 


Vdc 


Static Drain-Source On Resistance 
(ID = 1.0 mAdc. Vqs ° o> 
2N4091 
2N4092 
2N4093 


•OS(on) 


- 


30 
50 
80 


Ohms 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N4091, 2N4092, 2N4093 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = 0, Id = 0, f = 1.0 kHz) 
2N4091 
2N4092 
2N4093 


rds(on) 


- 
30 
50 
80 


Ohms 


Input Capacitance 
(Vds = 20 vdc, vGs = o, f = i.o mhz) 
Ciss 
— 
16 
PF 


Reverse Transfer Capacitance 
(Vds = o. Vqs = 20 vdc, f = 1.0 mhz) 
Crss 
— 
5.0 
PF 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) 
('D(on) = 6.6 mAdc) 
2N4091 
«D(on) = 4.0 mAdc) 
2N4092 
(lD(on) = 2.5 mAdc) 
2N4093 


td 


- 


15 
15 
20 


ns 


Rise Time (See Figure 1) 
f'D(on) = 6.6 mAdc) 
2N4091 
('D(on) = 4.0 mAdc) 
2N4092 
«D(on) " 2.5 mAdc) 
2N4093 


tr 


- 


10 
20 
40 


ns 


Turn-Off Time (See Figure 1) 
IVGS(off) = 12Vdc) 
2N4091 
'vGS(off) = 8.0 Vdc) 
2N4092 
(VGS(off) = 6.0 Vdc) 
2N4093 


toff 


- 
40 
60 
80 


ns 


•Pulse Test: Pulse Width <s300 us, Duty Cycle s 3.0%. 


FIGURE 1 -SWITCHING TIMES TEST CIRCUIT 
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-PULSE WIDTH-* 


sz 
3 
^ 


**>>• 
0.MVMAX 


MOTOROLA SEMICONDUCTORS 


2N4117,A 
2N4118.A 
2N4119,A 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
-40 
Vdc 


Drain-Gate Voltage 
vdg 
-40 
Vdc 


Gate Current 
ig 
50 
mAdc 


Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/'C 


Lead Temperature 
(1/16* from case for 10 s) 
tl 
255 
°C 


Storage Temperature Range 
Tstq 
-65 to +175 
°C 


ELECTRICAL CHARACTERiSTICS (Ta = 25°C unless otherwise noted.) 


Symbol 
Min 
Max 
Unft 
Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG ° -1.0/iAdc,Vps ° 0) 


Gate Reverse Current 
(Vqs = 20 Vdc,Vds = 0) 


(Vqs = 20Vdc, Vds = 0, Ta = 150'C) 


Gate Source Cutoff Voltage 
(ID = 1.0 nAdc,Vds = 10Vdc) 


2N4117.4118,4119 
2N4117A.4118A.4119A 


2N4117,4118,4119 
2N4117A,4118A,4119A 


2N4117A 
2N4118.A 
2N4119.A 


V(BR)GSS 


>GSS 


VGS(off) 


-40 


-0.6 
-1.0 
-2.0 


-10 
-1.0 


-25 
-2.5 


-1.8 
-3.0 
-6.0 


Vdc 


pAdc 


nAdc 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 
(Vds = 1° Vdc.Vqs = 0) 
ent(l) 
loss 
mAdc 


2N4117A 
0.03 
0.09 


2N4118A 
0.08 
0.24 


2N4119A 
0.20 
0.60 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps w io vdc, vgs ° o, f = i.q mhz) 


Reverse Transfer Capacitance 
(vDS ° io vdc, vgs = o. <° io mhz) 


Forward Transconductance 
(Vds = 1° Vdc,Vqs = 0, f = 1.0 kHz) 


Output Conductance 
(Vps = 1° Vdc.Vqs = 0, f = I.OkHz) 


2N4117A 
2N4118.A 
2N4119.A 


2N4117A 
2N4118.A 
2N4119.A 


9fs 


Oos 


70 
80 
100 


3.0 


1.5 


210 
250 
330 


3.0 
5.0 
10 


PF 


pF 


/imhos 


/tmhos 


(1) IDSS ismeasured during a 2.0-ms interval 100 ms after power isapplied. (NOT aJEDEC condition.) 


MOTOROLA SEMICONDUCTORS 
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2N4117.A, 2N4118.A, 2N4119.A 


FIGURE 1 - 
TRANSFER CHARACTERISTICS 


Vgs-IOVdc 
Tc•25°C 
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VGS. GATESOURCE VOLTAGE(VOLTS) 


SMALL-SIGNAL DEVICES 
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Fl< 


500 


SURE 2 - TRANSCONDUCTANCE CHARACTERISTICS 
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MOTOROLA SEMICONDUCTORS 


2N4220 
thru 
2N4222 


2N4220,A 
thru 
2N4222,A 


CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


JFET 
LOW-FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
-30 
Vdc 


Drain Current 
id 
15 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 


2 
mW 
mW/'C 


Junction Temperature Range 
Tj 
175 
•c 


Storage Channel Temperature Range 
Tsto 
-65 to +200 
'C 


ELECTRICAL CHARACTERISTICS (TA ° 2S'Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lp ° -10 MAdc, Vps ° 0) 


Gate Reverse Current 
(Vqs = -15 Vdc.Vds = 0) 
(VGS° -15Vdc.VDs = 0,TA 


Gate Source Cutoff Voltage 
(ID = 0.1 nAdc,Vds = 15 Vdc) 


Gate Source Voltage 
(lD= 50 /iAdc,Vds = 15 Vdc) 
(lD= 200ftAdc, Vds = 15 Vdc) 
(lp ° 500 /tAdc,Vps ° IS Vdc) 


ON CHARACTERiSTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vdc.Vqs = 0) 


Static Drain-Source On Resistance 
(Vds - o. vqs = o» 


150'C) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(Vds ** 15Vdc, Vqs = 0, f = 1.0 kHz) 


Output Admittance Common Source 
(Vds = IS Vdc,Vqs = 0, f <= 1.0 kHz) 


Input Capacitance 
(VPS " 15 Vdc, Vqs 
0,f = 1.0 MHz) 


Reverse Transfer Capacitance 
(vDS ° is vdc. vqs ° o»f 
1.0 MHz) 


Common-Source Output Capacitance 
(VpS" 15Vdc. Vqs ° 0. f ° 30 MHz) 


MOTOROLA SEMICONDUCTORS 


2N4220.A 
2N4221.A 
2N4222.A 


2N4220.A 
2N4221.A 
2N4222.A 


2N4220A 
2N4221.A 
2N4222.A 


2N4220.A 
2N4221A 
2N4222.A 


2N4220.A 
2N4221.A 
2N4222.A 


2N4220.A 
2N4221.A 
2N4222A 


6-22 


Symbol 


V(BR)GSS 


IGSS 


VGS(off) 


vgs 


ipss 


'DS(on) 


lYfsl 


IVosI 


"OSp 


Min 


-30 


-0.5 
-1.0 
-2.0 


0.5 
2.0 
5.0 


1000 


2000 
2500 


Typ 


500 
400 
300 


4.5 


1.2 


1.5 


Max 


-0.1 
-100 


-4 
-6 
-8 


-2.5 
-5.0 
-6.0 


3.0 
6.0 
15 


4000 
5000 
6000 


10 
20 
40 


6.0 


2.0 


Unft 


Vdc 


nAdc 


Vdc 


Vdc 


mAdc 


Ohms 


/tmh08 


ftmhos 


PF 


PF 


PF 


SMALL-SIGNAL DEVICES 


2N4220 thru 2N4222, 2N4220A thru 2N4222A 


ELECTRICAL CHARACTERiSTICS (continued) (TA ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unft 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15 vdc, vqs = o 
f = 100 Hz) 


NF 
dB 
= 1.0 megohm. 
2N4220A 
— 
— 
2.5 
2N4221A 
— 
— 
2.5 
2N4222A 
— 
— 
2.5 


•Pulse Test: Pulse Width = 630 ms. Duty Cycle = 10%. 


FIGURE 1 - - NOISE FIGURE versus FREQUENCY 
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FIGURE3 - 
TYPICAL DRAINCHARACTERISTICS 
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FIGURE 2 - 
NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 4 - 
COMMON SOURCE TRANSFER CHARACTERISTICS 
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2N4220 thru 2N4222, 2N4220A thru 2N4222A 


FIGURE 5 - 
TYPICAL DRAIN CHARACTERISTICS 
VGS(off)a "3-5 VOLTS 
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FIGURE 7 - 
TYPICAL DRAINCHARACTERISTICS 
VGS(off)a "5.8 VOLTS 
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FIGURE 6 - 
COMMON SOURCE TRANSFER CHARACTERISTICS 
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FIGURE 8 - 
COMMON SOURCE TRANSFER CHARACTERISTICS 
vGS(off)a "58 VOLTS 
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NOTES: 
1. Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width - 630 ms. Duty Cycle » 
10%). Under dc conditions, self heating in higher IpSS units re" 
duces Ipss 'See Figure10). 


2. 
Figures 8, 9, 10: Data taken in a standard printed circuit with a 
TO-18 type socket mounting and 1/4" lead length. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
-30 
Vdc 


Drain Current 
"d 
20 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/'C 


Operating and Junction Temperature Range 
tj 
-65 to +175 
•c 


Storage Temperature Range 
Tsta 
-65 to +175 
"C 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 


2N4223 
2N4224 


CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Min 
Max 
Unft 


OFF CHARACTERiSTICS 


Gate-Source Breakdown Voltage 
(Iq = -10j*A<fc,VDs = o) 
V(BR)GSS 
-30 
— 
Vdc 


Gate Reverse Current 
(Vqs = -20 Vdc,Vqs = 0) 
2N4223 
2N4224 


(Vqs = -20 Vdc.VDS = 0, Ta = 100X) 
2N4223 
2N4224 


<GSS 


— 
-0.25 
-0.50 


-250 
-500 


nAdc 


Gate Source Cutoff Voltage 
(lD = 0.25 nAdc, VDs = 15 Vdc) 
2N4223 
(ID = 0.50 nAdc, Vds = 15 Vdc) 
2N4224 


VGS(off) 
-1.2 
-8.0 
-8.0 


Vdc 


Gate Source Voltage 
(lD= 0.3 mAdc,VDs = 15 Vdc) 
2N4223 
(»D = 0.2 mAdc, Vds = 15 Vdc) 
2N4224 


vqs 
-1.0 
-1.0 
-7.0 
-7.5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vds = 15 vdc, vqs = o) 
2N4223 
2N4224 


'DSS 
3.0 
2.0 
18 
20 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
1 (Vds = 15Vdc. Vqs = O, f = 1.0kHz)* 
2N4223 
I 
2N4224 


(Vds = 15 Vdc,Vqs =• 0, f = 200 MHz) 
2N4223 
2N4224 


lYfsl 
3000 
2000 


2700 
1700 


7000 
7500 


JLUTlhOS 


Input Conductance 
(vDs = is vdc, vqs = 0, f = 200 mhz) 
Re(yjs) 
— 
800 
filTthOS 


Output Conductance 
(Vds = 15 Vdc, Vqs = 0, f = 200 MHz) 
Re(y0s) 
— 
200 
tanhos 


Input Capacitance 
(Vds = 15 Vdc, VQS =• 0, f = 1.0 MHz) 
Ciss 
— 
6.0 
pF 


Reverse Transfer Capacitance 
(Vds = is vdc, Vqs = 0, f = 1.0 mhz) 
Crss 
— 
2.0 
PF 


SMALL-SIGNAL DEVICES 
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2N4223, 2N4224 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc, Vqs = 0, Rs = 1.0 k ohm, f = 200 MHz) 
2N4223 
NF 
- 
5.0 
dB 


Small-Signal Power Gain Common Source 
(vDs = is vdc, vqs = o, f = 200 mhz) 
2N4223 
Gps 
10 
— 
dB 


•Pulse Test: Pulse Width « 630 ms, Duty Cycle « 10%. 


FIGURE 1-NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
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FIGURE 2- 
DRAIN CURRENT versus GATE-SOURCE VOLTAGE 
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FIGURE 4 -FORWARD TRANSFER ADMITTANCE 
versus GATE-SOURCE VOLTAGE 
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FIGURE 3- 
TEMPERATURE COEFFICIENT FOR DRAIN CURRENT 
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FIGURE 5 - TEMPERATURE COEFFICIENT FORYft 
versus DRAIN CURRENT 
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2N4223, 2N4224 


FIGURE 6- CAPACITANCES 
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FIGURE 8 - INPUT ADMITTANCE 


versus FREQUENCY 
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FIGURE 10 - 
OUTPUT ADMITTANCE 


versus FREQUENCY 
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FIGURE 7 - COMMON SOURCE 
NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 9 - 
FORWARD TRANSFER ADMITTANCE 


versus FREQUENCY 
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FIGURE 11 - 
REVERSE TRANSFER ADMITTANCE 


versus FREQUENCY 
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2N4223, 2N4224 


FIGURE 12 - 
POWER GAIN versus FREQUENCY 
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FIGURE 13 - COMMON SOURCE NOISE FIGURE 


versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
50 
Vdc 


Drain-Gate Voltage 
vdg 
50 
Vdc 


Gate-Source Voltage 
vgs 
50 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
50 
Vdc 


Gate Current 
ig 
50 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Storage Temperature Range 
Tsta 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless 


Characteristic 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG ° -1.0 ftA) 


Gate Reverse Current 
(VGS° -30 V) 
Gate Source Cutoff Voltage 
(vDs = 15 V, id = 0.1 ^a) 


otherwise noted.) 


2N4338 
2N4339 
2N4340 
2N4341 


2N4338 
2N4339 
2N4340 
2N4341 


CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


JFET 
LOW-FREQUENCY, LOW NOISE 


N-CHANNEL — DEPLETION 


Symbol 


V(BR)GSS 


>GSS 


VGS(off) 


Min 


50 


-0.3 
-0.6 
-1.0 
-2.0 


Max 


0.1 


-1.0 
-1.8 
-3.0 
-6.0 


UnH 


Vdc 


nA 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
•dss* 
mA 


(VDS = 15 V) 
2N4338 
0.2 
0.6 


2N4339 
0.5 
1.5 


2N4340 
1.2 
3.6 


2N4341 
3.0 
9.0 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15V,f = 1.0 kHz) 
2N4338 
2N4339 
2N4340 
2N4341 


IVfsl" 
600 
800 
1300 
2000 


1800 
2400 
3000 
4000 


/xmho8 


Output Admittance 
(VDS = 15 V,f = 1.0 kHz) 
2N4338 
2N4339 
2N4340 
2N4341 


IVosI 


- 
5.0 
15 
30 
60 


/tmhos 


Input Capacitance 
(Vds = 15V,f = 1.0 MHz) 
CjSs 
— 
6.0 
PF 


Reverse Transfer Capacitance 
(Vds = 15 V, f = 1.0 MHz) 
Crss 
— 
2.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(VDS= 15 Volts, f = 1.0 kHz,Rq = 1.0 MO) 


NF 
— 
1.0 
dB 


•Pulse Test: Pulse Width <s 630 msec, Duty Cycle « 10%. 


SMALL-SIGNAL DEVICES 
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2N4342 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
-25 
Vdc 
Drain-Gate Voltage 
vdg 
-25 
Vdc 
Reverse Gate-Source Voltage 
vgsr 
25 
Vdc 


Forward Gate Current 
'gf 
50 
mAdc 
Total Device Dissipation @ Ta_ = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +125 
X 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERiSTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 MAdc.VDS = 0) 
V(BR)GSS 
25 
— 
Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc. vDs = 0) 
(Vqs " 15 Vdc. VDS = 0. TA = 65"C) 


>GSS 


- 
10 
0.5 
nAdc 
ftAdc 


Gate Source Cutoff Voltage 
(VDs = -10 Vdc, Id = 1.0 ftAdc) 
VGS(off) 
1.0 
5.5 
Vdc 


Gate Source Voltage 
(VDS = -10 Vdc, Id = 0.4 mAdc) 
(VDS = -10 Vdc, Id = 1.0 mAdc) 


vgs 
0.7 
5.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
<VDS- -10Vdc,VGS = 0) 
'dss 
4.0 
12 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = 0,Id = 0,f = 1.0 kHz) 
rds(on) 
— 
700 
Ohms 


Forward Transfer Admittance 
(Vds = -10 Vdc, Vqs = 0, f = 1.0 kHz) 
IVfsl 
2000 
6000 
jimhos 


Output Admittance 
(Vds = -10 Vdc, Vqs = 0, f = 1.0 kHz) 
Ivosl 
— 
75 
^mhos 


Common Source Forward Transconductance 
(Vds = -10 vdc, vqs = 0, f = 1.0 mhz) 
Re(yfs) 
1500 
— 
/unhos 


Input Capacitance 
(Vds = -10 vdc, vcs = 0. f = 1.0 mhz) 
Ciss 
— 
20 
PF 


Reverse Transfer Capacitance 
(Vos ° -10 Vdc, Vqs = 0. f = 1.0 MHz) 
Crss 
— 
5.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = -10 Vdc, Vqs = 0, Rq = 1.0 Megohm, f = 100 Hz, BW = 15 Hz) 


NF 
— 
1.5 
dB 


Equivalent Short-Circuit Input Noise Voltage 
(Vds = -10 Vdc, Vqs = 0, f = 100 Hz, BW = 15 Hz) 
En 
— 
0.08 
mV/VHz 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage* 
vgs 
30 
Vdc 


Drain Current 
id 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
800 
4.56 
mW 
mW/'C 


Junction Temperature Range 
tj 
175 
°C 


Storage Temperature Range 
Tstd 
-65 to +175 
°C 


'Transient potentials of ±75 Volt will not cause gate-oxide failure. 


ELECTRICAL CHARACTERISTICS (Ta ° 2S°C unless otherwise noted.) 


Characteristic 


2N4351 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOS FET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Symbol 
Min 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(lD = 10 ftA.VGS = 0) 
V(BR)DSX 
25 
— 
Vdc 


Zero-Gate-Voltage Drain Current 
(Vos - io v. vGs = o) ta = 25°c 
Ta = 150°C 


'DSS 


- 
10 
10 
nAdc 
ftAdc 


Gate Reverse Current 
(Vqs = ±15 Vdc. VDS = o) 
IQSS 
— 
±10 
pAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vds = 10 v. iD = 10 ttA) 
VGS(Th) 
1.0 
5 
Vdc 


Drain-Source On-Voltage 
«D = 2.0 mA, Vqs = 10 V) 
VDS(on) 
— 
1.0 
V 


On-State Drain Current 
(vGs - 10 v, vDs = 10 v) 
'D(on) 
3.0 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V, Id = 2.0 mA, f = 1.0 kHz) 
IVfsl 
1000 
— 
ftmho 


Input Capacitance 
(Vds = 10 V,Vqs = O,f = 140 kHz) 
Cj88 
— 
5.0 
pF 


Reverse Transfer Capacitance 
(vDs = 0. vqs = 0, f = 140 kHz) 
Crss 
— 
1.3 
pF 


Drain-Substrate Capacitance 
tVD(SUB) = 10 V,f = 140 kHz) 
Cd(sub) 
— 
5.0 
PF 


Drain-Source Resistance 
(Vqs = 10 V, lD = 0, f = 1.0 kHz) 
rds(on 
— 
300 
ohms 


SWITCHING CHARACTERISTICS 


Turn-On Delay (Fig. 5) 
ID = 2.0 mAdc, Vos = 10 Vdc. 
Vqs = 10 Vdc) 
(See Figure 9; Times Circuit Determined) 


tdl 


— 
45 
ns 


Rise Time (Fig. 6) 
tr 


— 
65 
ns 


Turn-Off Delay (Fig. 7) 
td2 


— 
60 
ns 


Fail Time (Fig. 8) 
tf 
- 
100 
ns 


SMALL-SIGNAL DEVICES 
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2N4351 


RGURE 1 — FORWARD TRANSFER ADMITTANCE 
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RGURE 2 — TRANSFER CHARACTERISTICS 
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RGURE 3 — DRAIN-SOURCE "ON" RESISTANCE 
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2N4351 


RGURE 4 — "ON" DRAIN-SOURCE VOLTAGE 
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RGURE 5 — TURN-ON DELAY TIME 


50 
» 
„ 


•^ 
—— Rs~ Ro " 
lllll 
,V0S = Ves-15V- 
20 
**^ 
*•**•«.«. 
*J.••^. 
•-» •-. * 


10 
l""*"* 
£=U 
r* 
I 
:vds = 5v,v6$ = i( V 
/ 
S 
.. 
II 
1 
5 
1 1 
1 
Vos-Ves-lOV 
i 
•"' 


5V' 
i 
Vgs - 


? 


1S 
VoS= 5V,VS! = 
IUV 


> 'A 


s = 


0.5 
1.0 
2.0 
5.0 


l0. DRAIN CURRENT (mA) 


RGURE 7 - - TURN-OFF DELAY TIME 


MK) 
i 
- —:—'Rs = o'-- 
.. 1 
r 
'd 
' D ' 
^»i 
*- •.^ 
-"• 


100 
*-'«, >T 
^* =s£ 
Vos-VS5=15V. 


50 Li 
-*;rr r *"H-""7> ^ 
•*-,, I Vos = Vss-10V : 
-••*»- 
/ 
^./ ''— 
III 
:*-. 
v HJ 1 


^___ 
T"" 


S 
EVos= 5V.\'6$ = iovr 
™*5 
1 1 1 1 1 
7 
1 1 1 II 


0.5 
1.0 
2.0 
5.0 


lD. DRAIN CURRENT 1mA) 


SMALL-SIGNAL DEVICES 
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RGURE 8 — FALL TIME 
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RGURE 9 — SWITCHING CIRCUIT and WAVEFORMS 
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The switching characteristics shown above were measured in 
a test circuit similar to Figure 10. At the beginning of the switch 
ing interval, the gate voltage is at ground and the gate-source 


capacitance (Cfl8 = Cjss—Crss)has no charge.Thedrainvolt 
age is at Vdd. and thus the feedback capacitance (Crss) is 
charged to Vdd- Similarly, the drain-substrate capacitance 
(Cd(sub))'s charged to Vdd since the substrate and source are 
connected to ground. 
During the turn-on interval, Cgsis chargedto Vgs <tne '"Put 
voltage) through Rs (generator impedance). Crss must be dis 
charged to Vqs — Vo(on) through Rs and the parallel combi 
nationofthe load resistor (Rd)and the channel resistance (rds). 
In addition, Cd(sub) is discharged to a low value (Vo(on)) 
through Rd in parallel with r^s- During turn-off this charge flow 
is reversed. 
Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (r^g) is a function of the gate-source volt 
age (Vgs)- AsCgsbecomes charged, Vgs is approaching Vjn 
andr^sdecreases(seeFigure 4)and sinceCrssandcd(sub)are 
charged through rds. turn-on time is quite non-linear. 
Ifthecharging timeofCgsis shortcompared to thatof Crss 
and Cd(sub)* then rds (whichis in parallelwith Rd)willbe low 
compared to Rd during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn-off 
rdsw>" be almostan open circuit requiring CrssandCd(sub) to 
be charged through Rd and resulting in a turn-off time that is 
long compared to the turn-on time. This is especially noticeable 
forthe curves where Rs = 0 and Cgs is charged through the 
pulse generator impedance only. 
The switching curves shown with Rs = Rd simulate the 
switching behavior of cascaded stages where the driving source 
impedance is normally the same as the load impedance. The set 
of curves with Rs = 0 simulates a low source impedance drive 
such as might occur in complementary logic circuits. 


RGURE 10 — SWITCHING aRCUIT MOSFET EQUIVALENT MODEL 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
±30 
Vdc 


Gate Current 
ig 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mW/T 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
800 
4.56 
mW 
mW/°C 


Junction Temperature Range 
Tj 
175 
°C 


Storage Temperature Range 
Tstq 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS (TA = 25"Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N4352 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOSFET 
SWITCHING 


P-CHANNEL — ENHANCEMENT 


Symbol 
Min 
Max 
Unft 


Drain-Source Breakdown Voltage 
(lD= -10 ftA. Vqs = 0) 
V(BR)DSX 
-25 
— 
Vdc 


Zero-Gate-Voltage Drain Current 
(VDS = -10 V, Vqs = 0) Ta = 25°C 
Ta = 150"C 


'DSS 


- 
-10 
-10 
nAdc 
ftAdc 


Gate Reverse Current 
(Vqs = ±30 v, vDs = o) 
igss 
— 
±10 
pAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(vDs = -iov,iD = -io mA) 
VGS(Th) 
-1.0 
-5.0 
Vdc 


Drain-Source On-Voltage 
«D = -2.0 mA, Vqs = -10 V) 
VDS(on) 
— 
-1.0 
V 


On-State Drain Current 
(Vqs = -10 vDs = -iovj 
>D(on) 
-3.0 
— 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(VGS = -10 V, Id = 0, f = 1.0 kHz) 
rds(on) 
— 
600 
ohms 


Forward Transfer Admittance 
(Vds = -10 V, Id = 2.0 mA, f = 1.0 kHz) 
IVfsl 
1000 
— 
/xmho 


Input Capacitance 
(Vds = -10 V, Vqs = O,f = 140 kHz) 
Cj8S 
— 
5.0 
PF 


Reverse Transfer Capacitance 
(Vds = 0, Vqs = 0, f = 140 kHz) 
Crss 
— 
1.3 
PF 


Drain-Substrate Capacitance 
(Vd(SUB) = -lOV.f = 140 kHz) 
Cd(sub) 
— 
4.0 
PF 


SWITCHING CHARACTERiSTICS 


Turn-On Delay 
(Figures 5) 


ID = -2.0 mAdc, Vds = -10 Vdc, 
VGS= -10 V) 
(See Figure 9, Times Circuit Determined) 


td1 
— 
45 
ns 


Rise Time 
(Figures 6) 
tr 
- 
— 
65 
ns 


Turn-Off Delay 
(Figures 7) 
td2 
— 
60 
ns 


Fall Time 
(Figures 8) 
tf 
— 
100 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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RGURE 1 — FOWARD TRANSFER ADMITTANCE 
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RGURE 3 — DRAIN-SOURCE "ON" RESISTANCE 
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2N4352 


RGURE 4 — "ON" DRAIN-SOURCE VOLTAGE 
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RGURE 5 — TURN-ON DELAY TIME 
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RGURE 7 — TURN-OFF DELAY TIME 
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RGURE 6 — RISE TIME 
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2N4352 


RGURE 9 — SWITCHING CIRCUIT and WAVEFORMS 
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The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at (roundandthe gate-source capacitance (C,. = C... —C„.) has no charge.The 
dram voltage is at Voo. and thus the feedback capacitance (CO is charged to 
Voo. Similarly, the drain-substrate capacitance (Cdi.*)) is charged to Voo since 
the substrate and source are connected to ground. 
Duringthe turn-on interval, C.. is charged to Vgs(the input voltage) through 
Rs(generator impedance) (Figure 11). Cm must be discharged to V&s —Voi«.j 
through Rs and the parallelcombination of the load resistor(Ro) and the channel 
resistance (rd,). In addition, CdiuM Is discharged to a low value(Vom) through Ro 
in parallel with m. During turn-off this charge flow is reversed. 
Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (ra,) is a function of the gate-source voltage (Vos). As Co, becomes 
charged Ves is approaching v.. and tt, decreases (see Figure 4) and since Cm> 
and Cd|.*i are charged through ta,, turn-on time is quite non-linear. 
If the charging time of C„ is short compared to that of Cm and CdiuM, then 
rj,(which is in parallel with Ro) will be low compared to Ro during the switching 
intervaland will largelydetermine the turn-ontime. Onthe other hand, during 
turn-off rd, will be almost an open circuit requiring Cm and Cdiuti to be charged 
through Rd and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs= 0 and C„ is charged 
through the pulse generator impedance only. 
The switching curves shown with Rs = Ra simulate the switching behavior 
of cascade! stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs = 0 simulates a low source im 
pedance drive such as might occur in complementary logic circuits. 


RGURE 10 — SWITCHING aRCUIT with MOSFET EQUIVALENT 
MODEL 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
20 
Vdc 


Drain-Gate Voltage 
vdg 
20 
Vdc 


Gate-Source Voltage 
vgs 
20 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/'C 


Storage Temperature Range 
Tsta 
-55 to +125 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25'Cunless otherwise noted.) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG ° 10M) 


Gate Reverse Current 
(VGS " 15) 


Gate Source Cutoff Voltage 
(VpS 
•=• -10 V, lp ° 1.0 fA) 


Gate Source Voltage 
(lp ° 0.3 mA, Vps = -10 V) 


ON CHARACTERISTICS 


Characteristic 


2N4360 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


JFET 
LOW-FREQUENCY/LOW-NOISE 


P-CHANNEL — DEPLETION 


Refer to 2NS460 for graphs. 


Symbol 
Min 
Max 
Unft 


V(BR)GSS 
20 
Vdc 


IGSS 
10 
nA 


vGS(off) 
0.7 
10.0 
Vdc 


vgs 
0.4 
9.0 
Vdc 


Zero-Gate-Voltage Drain Current 
(Vps " -10V,VGS = 0V) 
ipss 
3.0 
30 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
dp = 0, Vqs = 0. f = 1.0 kHz) 
rds 
— 
700 
Ohms 


Forward Transfer Admittance 
(Vps = -10 V, Vqs = 0 V, f = 1.0 kHz) 
lYfsl 
2000 
8000 
/tmhos 


Output Admittance 
(Vps = -10 v. vGs = o v, f = 1.0 kHz> 
lYosI 
— 
100 
ftmhos 


Common Source Forward Transconductance 
(Vps = -10 V, Vqs = 0 V, f = 1.0 MHz) 
Re(yfs) 
1500 
— 
ftmh08 


Input Capacitance 
(Vps = -10 V, f = 1.0 MHz) 
Cj88 
— 
20 
PF 


Reverse Transfer Capacitance 
(Vps = -10V,f = 1.0 MHz) 
cr8S 
— 
5.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = -10 V, lp = 1.0mA, Rq = 1.0mrt, f = 100Hz) 


NF 
— 
5.0 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N4391 
2N4392 
2N4393 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vDs 
40 
Vdc 
Drain-Gate Voltage 
VPG 
40 
Vdc 
Gate-Source Voltage 
vqs 
40 
Vdc 


Forward Gate Current 
IGF 
50 
mAdc 
Total DeviceDissipation @ Tq •= 25°C 
Derate above 25*C 
pd 
1.8 
10 
Watts 
mW/X 
Operating Junction Temperature Range 
tj 
-65 to +175 
"C 
Storage Temperature Range 
Tsta 
-65 to +175 
°c 


Refer to MPF4391 for graphs. 


'ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = 1.0 ftAdc,Vps = 0) 
V(BR)GSS 
40 
- 
Vdc 


Gate Reverse Current 
(Vqs = 20 Vdc, Vps = 0) 
(VGS •=• 20 Vdc, Vps = O,Ta = 150°C) 


•gss 


- 
0.1 
0.2 


nAdc 


IiAdc 
Gate Source Voltage 
(Vps = 20 Vdc, lp = 1.0 nAdc) 
2N4391 
2N4392 
2N4393 


vgs 
4.0 
2.0 
0.5 


10 
5.0 
3.0 


Vdc 


Gate-Source Forward Voltage 
(Iq = 1.0 mAdc, Vps = 0) 
vGS(f) 
— 
1.0 
Vdc 


Drain-Cutoff Current 
(Vps = 20 Vdc. Vqs = 12 Vdc) 
2N4391 
(Vps = 20 Vdc, Vqs = 7.0 Vdc) 
2N4392 
(Vps = 20 Vdc, Vqs = 5.0 Vdc) 
2N4393 
(VDS = 20 Vdc. Vqs = 12 Vdc, Ta = 150'C) 
2N4391 
(Vps = 20 Vdc, Vqs = 7.0 Vdc, Ta = 15CC) 
2N4392 
(Vps = 20 Vdc, Vqs = 5.0 Vdc, Ta = 150'C) 
2N4393 


'D(off) 


- 


0.1 
0.1 
0.1 
0.2 
0.2 
0.2 


nAdc 


uAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
'dss 
mAdc 
(Vps = 20 Vdc, Vqs = 0) 
2N4391 
50 
150 
2N4392 
25 
75 
2N4393 
5.0 
30 


Drain-Source On-Voltage 
VDS(on) 
Vdc 
(lp = 12 mAdc, Vqs = 0) 
2N4391 
— 
0.4 
(lp = 6.0 mAdc, Vqs = 0) 
2N4392 
— 
0.4 
(lp = 3.0 mAdc, Vgs = °' 
2N4393 
— 
0.4 


Static Drain-Source On Resistance 
'DS(on) 
Ohms 
(lp = 1.0 mAdc, Vqs = 0) 
2N4391 
— 
30 
2N4392 
— 
60 
2N4393 
— 
100 


SMALL-SIGNAL CHARACTERiSTICS 


Drain-Source "ON" Resistance 
rds(on) 
Ohms 
(VGS = 0, lp = 0, f = 1.0 kHz) 
2N4391 
— 
30 
2N4392 
— 
60 
2N4393 
— 
100 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N4391, 2N4392, 2N4393 


•ELECTRICAL CHARACTERISTICS(continued) (TA ° 25°C unlessotherwisenoted.) 
Characteristic 
Symbol 


Input Capacitance 
(Vps = 20Vdc. Vqs = 0. f = 10 MHz) 


Reverse Transfer Capacitance 
(Vps = 0,Vqs = 12Vdc, f = 1.0MHz) 
(Vps = 0.Vqs = 7.0Vdc, f = 1.0MHz) 
(Vps ° o. Vqs ° 5-°Vdc'f ° 1-Q mhz) 


SWITCHING CHARACTERISTICS 


Rise Time 
('D(on) = 12mAdc) 
l'D(on) = 6.0mAdc) 
('D(on) ° 3.0 mAdc) 


Fall Time 
(VQS(off) = 12Vdc) 
*VGS(off) = 7.0Vdc) 
IVGS(off) = S.0Vdc) 


Turn-On Time 
OD(on) = 12 mAdc) 
('D(on) = 6.0mAdc) 
('Dionl " 3-0 mAdc) 


Turn-Off Time 
(VQS(off) = 12Vdc) 
(VQS(off) = 7.0Vdc) 
(VGS(off) " 5.0 Vdc) 
(1) Pulse Test: Pulse Width < 100 ps. Duty Cycle«S 1.0%. 
•In addition to JEDEC Registered Data. 


SMALL-SIGNAL DEVICES 


2N4391 
2N4392 
2N4393 


2N4391 
2N4392 
2N4393 


2N4391 
2N4392 
2N4393 
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2N4391 
2N4392 
2N4393 


2N4391 
2N4392 
2N4393 


•on 


toff 


Min 
Max 


14 


3.5 
3.5 
3.5 


5.0 
5.0 
5.0 


15 
20 
30 


15 
15 
15 


20 
35 
50 


Unit 


PF 


PF 


MOTOROLA SEMICONDUCTORS 


2N4416.A 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
30 
Vdc 
Drain-Gate Voltage 
2N4416 
2N4416A 
vdg 
35 
30 


Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Gate Current 
>g 
10 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
300 
1.71 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +175 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 
Min 
Max 
Unit 
| 


Gate-Source Breakdown Voltage 
(Iq = 1.0 ftAdc.Vps = 0) 
2N4416 
2N4416A 


V(BR)GSS 
30 
35 


- 
Vdc 
1 


Gate Reverse Current 
(Vqs = 20 Vdc, VpS = 0) 
(Vqs = 20 Vdc, Vps = 0, Ta = + 150°C) 


<GSS 


- 
100 
200 


pAdc 


Gate Source Cutoff Voltage 
(lp = 1.0 nAdc, Vps = 15 Vdc) 
VGS(off) 
— 
6.0 
Vdc 


Gate Source Voltage 
(lp = 0.5 mAdc, Vps = 15 Vdc) 
vgs 
1.0 
5.5 
Vdc 


Gate-Source Forward Voltage 
(Iq = 1.0 mAdc, Vps = 0) 
VGS(f) 
— 
1.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 
(vps = is vdc, vqs ° Q) 


SMALL-SIGNAL CHARACTERISTICS 


'DSS 
15 
mAdc 


Forward Transfer Admittance!1) 
(Vps = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
lYfsl 
4500 
7500 
/imhos 


Real Part of Forward Transfer Admittance 
(VpS = 15 Vdc, Vqs = 0, f = 400 MHz) 
Vfs(real) 
4000 
— 
junhos 


Real Part of Input Admittance 
(Vps = 15 Vdc, Vqs = 0, f = 100 MHz) 
(Vps = 15 Vdc, Vqs = 0, f = 400 MHz) 


Yis(real) 


- 
100 
1000 


jxmfios 


Output Admittance 
(Vps = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
lYosI 
— 
50 
/imhos 


Real Part of Output Admittance 
(Vps = 15 Vdc, Vqs = 0, f = 100 MHz) 
(Vps = 15 Vdc, Vqs = 0, f = 400 MHz) 


Yos(real) 


- 
75 
100 


/imhos 


Imaginary Part of Input Admittance 
(Vps = 15 Vdc, Vqs = 0, f = 100 MHz) 
(VDS = 15 Vdc, Vqs = 0, f = 400 MHz) 


Yis(imag) 


- 
2500 
10,000 


/imhos 


Imaginary Part of Output Admittance 
(Vps = 15 Vdc, Vqs = 0, f = 100 MHz) 
(VpS = 15 Vdc, Vqs = 0, f = 400 MHz) 


Vos(imag) 


- 
1000 
4000 


/imhos 
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2N4416.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unft 


Input Capacitance 
(Vps = 15 Vdc,Vqs = 0, f = 1.0 MHz) 
CjS8 
— 
4.0 
PF 


Reverse Transfer Capacitance 
(Vps = 15 Vdc,Vqs = 0, f = 1.0 MHz) 
Crss 
— 
0.8 
pF 


Common Source Output Capacitance 
(Vds - is vdc, vqs = o. f = 1.0 mhz) 
coss 
— 
2.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figures 3 and 4) 
(Vps = 15Vdc, lp = 5.0mAdc, Rg - 1000 Ohms, f = 100 MHz) 
(Vps = 15Vdc,lp = 5.0 mAdc,Rg - 1000Ohms,f = 400 MHz) 


NF 


- 
2.0 
4.0 


dB 


Small-Signal Power Gain Common Source (Figure 1) 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 100 MHz) 
(Vps = 15 Vdc,lp = 5.0 mAdc,f = 400 MHz) 


Gps 
18 
10 


- 


dB 


(1) Pulse Test: Pulse Width < 300 /ts, Duty Cycle « 1.0%. 


S 
12 


POWER GAIN 


FIGURE 1 - 
EFFECTS OF DRAIN CURRENT 


(• 
too (Hi 


« OMH ! 


T<*unnt -25< C 
voS-15 Vdc 


4.0 
6.0 
S.0 
10 
ID.DRAIN CURRENT (mA) 


FIGURE 2-100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 


Adjuit VqS for 
NOTE: 
Tho noite source is a hot-cold body 
Iq " SO mA 
(AIL type 70 or equivalent) with a 
Vq5< O Volts 
tost receiver (AIL type 136 or equivalent). 


Reference 
Designation 


VALUE 


100 MHz 
400 MHz 


CI 
7.0 pF 
1.8 pF 


C2 
1000 pF 
17 pF 


C3 
3.0 pF 
1.0 pF 


C4 
1-12 pF 
0.8-8.0 pF 


CS 
1-12 pF 
0.8-8.0 pF 


C6 
0.0O15/IF 
0.001 ItF 


C7 
0.001 SjjF 
0.001 MF 


Ll 
3.0 /1H* 
0.2 ItH" 


L2 
0.15/iH* 
0.03 flH" 


L3 
0.14/iH* 
0.022 ftH" 


17 turns, (epprox. —depends upon circuit layout) AWG #28 
enameled copper wire, close wound on 0/32" ceramic coil 
form. Tuning provided by a powdered iron slug. 
4-1/2 turns, AWG #18 enameled coppor wire, 5/16" long, 
3/8" I.D. (AIR CORE). 
3-1/2 turns, AWG #18 enamolod coppor wiro, 1/4" long, 
3/8" I.D. (AIR CORE). 
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6 turns, (epprox. — depends upon circuit layout) AWG #24 
anamelod copper wire, close wound on 7/32" ceramic coil 
form. Tuning providod by an aluminum slug. 


1 turn, AWG #16 enameled coppor wire, 3/8" I.D. (AIR 
CORE). 


1/2 turn, AWG #16onameled coppor wiro, 1/4" I.O. (AIR 
CORE). 


MOTOROLA SEMICONDUCTORS 


2N4416,A 


NOISE FIGURE 
«Tch8nnel-25°C> 


FIGURE 3 - 
EFFECTS OF DRAIN-SOURCE VOLTAGE 
FIGURE 4 - 
EFFECTS OF DRAIN CURRENT 
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INTERMODULATION CHARACTERISTICS 


FIGURE 5- THIRD ORDER INTERMODULATION DISTORTION 
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COMMON SOURCE CHARACTERISTICS 


ADMITTANCE PARAMETERS 
(VDS-1SVdc,Tch8nrw|-25°C) 


FIGURE 6 - INPUT ADMITTANCE (yjs) 
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FIGURE 7 - REVERSE TRANSFER ADMITTANCE ly„) 
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2N4416.A 
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FIGURE 8 - FORWARD TRANSADMITTANCE (yfs 
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FIGURE 9 - OUTPUT ADMITTANCE (yOJ) 
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2N4416.A 


FIGURE 12 -S21s 
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FIGURE 13-S22s 
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COMMON GATE CHARACTERISTICS 


ADMITTANCE PARAMETERS 
(VDG= 15Vdc.Tchanne|=25°C) 


FIGURE 14 - INPUT ADMITTANCE (yig) 
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FIGURE 15 - REVERSE TRANSFER ADMITTANCE (yrg 
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2N4416.A 


FIGURE 16 - FORWARD TRANSFER ADMITTANCE (yfg) 
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FIGURE 17 - OUTPUT ADMITTANCE (yog) 
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COMMON GATE CHARACTERISTICS 
S-PARAMETERS 
(VDG =15 Vdc,Tchanne| =25°C. 
FIGURE18 -S11g 
DataPoints in MHz) 
FIGURE19 - S12g 
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2N4416.A 


FIGURE20- S2ig 
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FIGURE21 -S22g 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 


2N48S6A 
2N48S7A 
2N48S8A 


2N48S9A 
2N4880A 
2N4881A 
Unft 


Drain-Source Voltage 
vds 
+40 
+30 
Vdc 


Drain-Gate Voltage 
vdg 
+40 
+30 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
-40 
-30 
Vdc 


Forward Gate Current 
IGF 
SO 
mAdc 


Total Device Dissipation 
@ Ta = 2S*C 
Derate above 25'C 


pd 
360 
2.4 
mW 
mVWC 


Storage Temperature Range 
TStQ 
-65 to +175 
•c 


ELECTRICALCHARACTERISTICS (Ta ° 25"C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N4856.A 
thru 
2N4861yA 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Symbol 
MIn 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = 1.0 ^Adc, Vos = <>) 
2N4856.A,2N4857.A,2N4858.A 
2N4859A 2N4860A 2N4861.A 


V(BR)GSS 
-40 
-30 


- 


Vdc 


Gate Reverse Current 
(Vqs = -20 Vdc, Vqs = °> 
2N4856,A2N4857,A, 2N4858.A 
(Vqs = -15 Vdc, Vqs = 0) 
2N4859.A, 2N4860A 2N4861.A 
(Vqs = -20 Vdc, Vds = 0, Ta = ISO-C) 2N4856A 2N4857.A,2N4858A 
(Vqs = -15 Vdc, Vqs = 0, Ta = 150°C) 2N4859,A,2N4860A2N4861,A 


igss 


— 


0.25 
0.25 
0.5 
0.5 


nAdc 


jtiAdc 


Gate Source Cutoff Voltage 
(Vos = IS Vdc, Id = O.SnAdc) 
2N4856A 2N4859.A 
2N4857A 2N4860.A 
2N4858A2N4861.A 


VGS(off) 
-4.0 
-2.0 
-0.8 


-10 
-6.0 
-4.0 


Vdc 


Drain Cutoff Current 
(Vds = 15 vdc, vqs = -10 vdc) 
(VDS - 15 Vdc. Vqs ° -10Vdc,TA = 150"C) 


'D(off) 


- 
0.25 
0.5 
nAdc 
uAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 
'DSS 
mAdc 
(VDS = 15 Vdc, Vqs - 0) 
2N4856A 2N4859A 
50 
— 
2N4857A 2N4860.A 
20 
100 
2N4858A2N4861.A 
8.0 
80 


Drain-Source On-Voltage 
VDS(on) 
Vdc 
(ID = 20 mAdc, Vqs = 0) 
2N4856A 2N4859^ 
— 
0.75 
(ID = 10 mAdc, Vgs ° o) 
2N4857A, 2N4860^ 
— 
0.5 
(ID = 5.0 mAdc, Vqs = 0) 
2N4858A2N4861A 


— 
O.S 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = 0,Id = 0,1= 1.0 kHz) 
2N4856A 2N4859.A 
2N4857A 2N4860A 
2N4858A2N4861,A 


rds(on) 


- 
25 
40 
60 


Ohms 


Input Capacitance 
(Vos = 0, Vqs = -10 Vdc, f = 1.0 MHz) 2N4856 thru 2N4861 
2N4856A thru 2N4861A 


*-iss 


- 
18 
10 


pF 


Reverse Transfer Capacitance 
(Vds ° 0, Vqs ° -10 Vdc, f = I.O MHz) 2N4856 thru 2N4861 
2N4856A, 2N4859A 
2N4857A, 2N4858A, 2N4860A, 2N4861A 


Crss 


- 


8.0 
4.0 
3.5 


PF 


SMALL-SIGNAL DEVICES 
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2N4856.A thru 2N4861.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


SWITCHINGCHARACTERISTICS(See Figure 1) (2) 


Turn-On Delay Time 
Conditions for 2N4856A 2N4859A 
2N4856,2N48S9 
<d(on) 


^ 


6.0 
5.0 
6.0 
6.0 
10 
8.0 


ns 
2N4856A, 2N4859A 
(Vdd ° 10Vdc, lD(on) = 20 mAdc, 2N4857,2N4860 
VQS(on) = O.VGS(off) = -10 Vdc) 2N4857A, 2N4860A 
2N4858,2N4861 
2N4858A, 2N4861A 


Conditions for 2N4857A 2N4860.A: 2N4856A 2N4859.A 
Rise Time 
tr 


- 


3.0 
4.0 
10 
8.0 


ns 
2N4857A 2N4860.A 
(Vdd = 10 Vdc, lD(on) = 10 mAdc, 
2N4858,2N4861 
VGS(on) = O.VQS(off) = -6.0 Vdc) 2N4858A, 2N4861A 


2N4856,2N4859 
Conditions for 2N4858A 2N4861 A: 2N4856A. 2N4859A 
Turn-Off Time 
toff 
25 
20 
50 
40 
100 
80 


ns 
2N4857,2N4860 
(Vdd = 10Vdc, lD(on) = 5.0 mAdc, 2N4857A, 2N4860A 
VGS(on) = 0, VGS(off) = "4.0 Vdc) 2N4858,2N4861 
2N4858A; 2N4861A 


(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle « 10%. 
(2)The lD(on) values are nominal; exact values vary slightlywithtransistor parameters. 


FIGURE 1 - 
SWITCHING TIMES TEST CIRCUIT 
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tr < 1.0 nt 
-e<H 


t| < 1.0 Rl 
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t0% 
1/ 
\ OUTPUT 


SOX 


VOLTAGE WAVEFORMS 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Gate Voltage 
vdg 
30 
Vdc 
Gate-Source Voltage 
vgs 
-30 
Vdc 
Gate Current 
ig 
50 
mA 
TotalDevice Dissipation @ Ta = 25°C 
Derate above 25°C (Free Air) 
pd 
360 
2.88 
mW 
mW/°C 
TotalDevice Dissipation @ Tc = 25'C 
Derate above 2S°C 
pd 
500 
4.0 
mW 
mW/°C 
Lead Temperature 
(1/16*from Case for 10 Seconds) 
tl 
260 
•c 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25Xunlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 
(1G° -1.0/iAVps = 0) 


Gate Reverse Current 
(Vgs° -20 V, Vps = o) 


Gate 1 Leakage Current 
(VG1S = -20 V,Vps = 0. Ta = 100°C) 
Gate Source Cutoff Voltage 
(VDS = 15 V, lD = 10 mA) 


ON CHARACTERiSTICS 


Zero-Gate-Voltage Drain Current 
(Vos = 15 V,Vqs = 0, Pulsed: See Note 1) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VDS = 15 V,VqS = O,f = 1.0 kHz) 


Input Admittance 
(VDs - 15 V,VGS = 0) 


Output Admittance 
(Vos = 15 v, Vqs = 0. f = 1.0 kHz) 


Output Conductance 
(VDS = 15 V, Vqs 


SMALL-SIGNAL DEVICES 


2N5245 
2N5246 
2N5247 


2N5245 
2N5246 
2N5247 


2N5245 
2N5246 
2N5247 


(100 MHz) 
(400 MHz) 


2N5245 
2N5246 
2N5247 


2N5245 (100 MHz) 
2N5246 
2N5247 
2N5245 (400 MHz) 
2N5246 
2N5247 
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Symbol 


2N5245 
2N5246 
2N5247 


CASE 29-02, STYLE 23 
TO-92 (T0-226AA) 


JFET 
HIGH-FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


Min 
Max 
| 
Unit 
| 


V(BR)GSS 
-30 
Vdc 


IGSS 


'G1SS 


vGS(off) 


'DSS 


rVfs 


Re(yj8) 


IVosI 


Re(yos) 


-1.0 
-0.5 
-1.5 


5.0 
1.5 
8.0 


4500 
3000 
4500 


-1.0 


-0.5 


-6.0 


-4.0 
-8.0 


15 


7.0 


24 


7500 
6000 
8000 


100 


1000 


50 


50 
70 


75 
75 
100 
100 
100 
150 


nA 


ftA 


Vdc 


mA 


/tmrtos 


/imhos 


/imhos 


/imhos 


MOTOROLA SEMICONDUCTORS 


2N5245, 2N5246, 2N5247 


> 
Characteristic 
Symbol 
Min 
Max 
UnH 


Forward Transconductance 
(Vds = 15v, vqs = o, f = 400mhz) 
2N5245 
2N5246 
2N5247 


Re(yfs) 
4000 
2500 
4000 


/imhos 


Input Capacitance 
(Vds = 15V.Vqs = 0, f = 1.0Mhz) 


Cj8S 
— 
4.5 
PF 


Reverse Transfer Capacitance 
(vDs = 15v, vqs = 0, f = 1.0 MHz> 
Crss 
— 
1.0 
PF 


Input Susceptance 
(VDS = 15V,VqS = 0) 
(100 MHz) 
(400 MHz) 


iM(Yis) 
3.0 
12.0 


mmho 


FUNCTIONAL CHARACTERiSTICS 


Noise Figure 
(Vds = 15V,Id = S.O mA, R'G = 10 kn) 


Common Source Power Gain 
(Vds = 15V, Id = 5.0mA, R'G = 1.0kO) 


Output Susceptance 
(VDS = 15V,Vgs = 0) 


Note 1: tp = 100 ms, DutyCycle = 10%. 


MOTOROLA SEMICONDUCTORS 


2N5245 (100 MHz) 
2N5245 (400 MHz) 


(100 MHz) 
(400 MHz) 
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NF 


iM(Yos) 


18 
10 


2.0 
4.0 


1000 
4000 


dB 


dB 


ftmno 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Drain-Source Voltage 
vds 
60 
Vdc 
Drain-Gate Voltage 
vdg 
60 
Vdc 
Reverse Gate-Source Voltage 
vgsr 
60 
Vdc 


Drain Current 
id 
20 
mAdc 


Forward Gate Current 
'GF 
10 
mAdc 
Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mVWC 
Junction Temperature Range 
tj 
-65 to +175 
•c 
Storage Temperature Range 
Tsta 
-65 to +200 
•c 


2N5265 
thru 
2N5270 


CASE 20-05, STYLE 5 
TO-72 (TO-206AF) 


JFET 
GENERAL PURPOSE 


P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25'Cunlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
I Symbol 
| 
MIn 
j" 
Max 
UnH 


Gate-Sourc$ Breakdown Voltage 
(Iq ° 10 ftAdc,Vps = 0) 


Gate Reverse Current 
(Vqs = 30 vdc, vDs = o) 
(Vgs " 30 vdc, vps ° o, Ta 
150'C) 


Gate Source Cutoff Voltage 
(Vds = 15 Vdc, lp = 1.0 /iAdc) 


Gate Source Voltage 
(VDs = 15 Vdc. I0 = 0.05 mAdc) 
(Vds = 15 Vdc. ID = 0.08 mAdc) 
(Vos = 15 Vdc, Id = 0.15 mAdc) 
(Vds = 15 Vdc, Id = 0.25 mAdc) 
(VDs = 16 Vdc, lD = 0.4 mAdc) 
(VpS = 15 Vdc, lp = 0.7 mAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDs = 15 Vdc,Vqs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VDS = 15 Vdc, Vqs = 0, f = 1.0 kHz) 


Output Admittance Common Source 
(VpS = 15 Vdc. Vqs = 0, f = 1.0 kHz) 


SMALL-SIGNAL DEVICES 


V(BR)GSS 
60 


>GSS 
2.0 


2.0 


Vdc 


nAdc 
ftAdc 


2N5265, 2N5266 
2N5267, 2N5268 
2N5269, 2N5270 


VGS(off) 
3.0 
6.0 
8.0 


Vdc 


2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


2N6265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


vgs 
0.3 
0.4 
1.0 
1.0 
2.0 
2.0 


1.5 
2.0 


4.0 


4.0 
6.0 


6.0 


Vdc 


'DSS 
0.5 
0.8 
1.5 
2.5 
4.0 
7.0 


1.0 
1.6 
3.0 
5.0 
8.0 
14 


mAdc 


IVfsl 
SOO 
1000 
1500 
2000 
2200 
2500 


2700 
3000 
3500 
4000 
4500 
5000 


75 


/imhos 


/imhos 


MOTOROLA SEMICONDUCTORS 
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2N5265 thru 2N5270 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Common Source Forward Transconductance 
(Vps = 16Vdc,Vqs = 0, f = 100MHz) 


Input Capacitance 
(VPS = 15Vdc,Vqs ° 0, f = 10 MHz) 


Reverse Transfer Capacitance 
(Vps " 15Vdc,Vqs ° 0. f ° 10 MHz} 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 15Vdc,Vqs = 0, Rq = 10 M ohm, 
f = 100 Hz, BW = 1.0 Hz) 
Equivalent Short-Circuit Input Noise Voltage 
(VpS= 15Vdc, VQS = 0, f = 100Hz, BW = 1.0 Hz) 


2N5265 
2N5266 
2N5267 
2N5268 
2N5269 
2N5270 


Symbol 


Re(yfs> 


NF 


en 


Min 


800 
900 
1400 
1700 
1900 
2100 


Max 


7.0 


2.0 


2.5 


115 


UnH 


/imhos 


PF 


PF 


dB 


nV/VHz 


FIGURE 1-6 TRANSFER CHARACTERISTIC CURVES 
FOR MIN/MAX IDSS LIMITS 
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2N5265 thru 2N5270 


FIGURE 5 
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FIGURES 7-12 - TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 
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2N5265 thru 2N5270 


FIGURE 11 
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FIGURE 14 - 
CAPACITANCE versus 


DRAIN-SOURCE VOLTAGE 
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2N5265 thru 2N5270 
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FIGURE 17 - 
DRAIN CURRENT TEMPERATURE 
COEFFICIENT versus DRAIN CURRENT 
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FIGURE 18 - 
FORWARD TRANSADMITTANCE 
COEFFICIENT versus DRAIN CURRENT 
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2N5457 
2N5458 
2N5459 


CASE 29-05, STYLE 5 
TO-92 (TO-226AA) 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
VDS 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Reverse Gate-Source Voltage 
Vgsr 
-25 
Vdc 


Gate Current 
ig 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Junction Temperature Range 
Tj 
125 
°C 


Storage Channel Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -10 MAdc,Vqs = 0) 
V(BR)GSS 
-25 
— 
— 
Vdc 


Gate Reverse Current 
(VGS = -15 Vdc, VDs = °) 
(Vqs = -15 Vdc, VDs = 0. TA = 100°C) 


IQSS 


- 
- 
-1.0 
-200 


nAdc 


Gate Source Cutoff Voltage 
(Vds = 1S Vdc> 'd = io "Adci 
2N5457 
2N5458 
2N5459 


VGS(off) 
-0.5 
-1.0 
-2.0 


- 
-6.0 
-7.0 
-8.0 


Vdc 


Gate Source Voltage 
(Vds = 15 Vdc, Id = 100 MAdc) 
(Vds = 15 Vdc, lD = 200 /iAdc) 
(Vds = 15 Vdc, Id = 400 /iAdc) 


2N5457 
2N5458 
2N5459 


vgs 


- 
-2.5 
-3.5 
-4.5 


- 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(VDS = 15 Vdc, Vqs = 0) 
2N5457 
2N5458 
2N5459 


'DSS 
1.0 
2.0 
4.0 


3.0 
6.0 
9.0 


5.0 
9.0 
16 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(VDS = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
2N5457 
2N5458 
2N5459 


lYfsl 
1000 
1500 
2000 


- 


5000 
5500 
6000 


/imhos 


Output Admittance Common Source* 
(Vds = 15 Vdc, Vqs = O,f = 1.0 kHz) 
lYosI 
— 
10 
50 
/imhos 


Input Capacitance 
(Vds = 15 vdc, Vqs = 0, f = 1.0 mhz) 
Ciss 
— 
4.5 
7.0 
PF 


Reverse Transfer Capacitance 
(vDs = is vdc, vqs = 0, f = 1.0 mhz) 
Crss 
— 
1.5 
3.0 
PF 


•Pulse Test: Pulse Width =s630 ms; Duty Cycle « 10%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 


2N5460 
2N5461 
2N5462 


2N5463 
2N5464 
2N546S 
Unit 
Drain-Gate Voltage 
vdg 
40 
60 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
40 
60 
Vdc 


Forward Gate Current 
'G(f) 
10 
mAdc 
Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Junction Temperature Range 
Tj 
-65 to +135 
°C 
Storage Channel Temperature Range 
Tstfl 
-65 to +150 
°C 


ELECTRICAL CHARACTERiSTICS (TA = 25"C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


2N5460 
thru 
2N5465 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


JFET 
AMPLIFIER 


P-CHANNEL — DEPLETION 


Min 
Typ 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = 10 ftAdc,Vds = °> 
2N5460,2N5461,2N5462 
2N5463, 2N5464, 2N5465 


V(BR)GSS 
40 
60 


- 
- 


Vdc 


Gate Reverse Current 
(Vqs = 20 Vdc, Vds = 0) 
2N5460,2N5461,2N5462 
(Vqs = 30 Vdc, Vds = 0) 
2N5463,2N5464,2N5465 
(Vqs = 20 Vdc, Vos = 0, Ta = 100X) 
2N5460,2N5461, 2N5462 
(Vqs = 30 Vdc,Vds = 0. Ta = 100"C) 
2N5463,2N5464,2N5465 


'gss 


- 


- 
5.0 
5.0 
1.0 
1.0 


nAdc 


uAdc 


Gate Source Cutoff Voltage 
(Vos = 15 Vdc, Id = 1.0 /iAdc) 
2N5460,2N5463 
2N5461, 2N5464 
2N5462, 2N5465 


VGS(off) 
0.75 
1.0 
1.8 


- 
6.0 
7.5 
9.0 


Vdc 


Gate Source Voltage 
(Vds = 15 Vdc, Id = 0.1 mAdc) 
2N5460,2N5463 
(Vds = 15 Vdc, Id = 0.2 mAdc) 
2N5461, 2N5464 
(Vds = 15 Vdc, Id = 0.4 mAdc) 
2N5462,2N5465 


vgs 
0.5 
0.8 
1.5 


- 
4.0 
4.5 
6.0 


Vdc 


ON CHARACTERISTICS 
I Zero-Gate-Voltage Drain Current 
<DSS 
mAdc 
(vDs = 15 vdc, vGs = 0, 
2N5460, 2N5463 
1.0 
5.0 
f = 1.0 kHz) 
2N5461, 2N5464 
2.0 
9.0 
1 
2N5462, 2N5465 
4.0 
— 
16 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vos = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
2N5460,2N5463 
2N5461, 2N5464 
2N5462, 2N5465 


IVfsl 
1000 
1500 
2000 


- 
4000 
5000 
6000 


/imhos 


Output Admittance 
(Vqs = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
IVosI 
— 
- 
75 
/imhos 


Input Capacitance 
(Vds = 15 Vdc,Vqs = 0, f = 1.0 MHz) 
CiS8 
— 
5.0 
7.0 
PF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc,Vqs = 0, f = 1.0 MHz) 
Crss 
— 
1.0 
2.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc,Vqs = 0, Rq = 1.0 Megohm, f = 100 Hz,BW = 1.0 Hz) 
NF 
- 
1.0 
2.5 
dB 


Equivalent Short-Circuit Input Noise Voltage 
(Vds = 15 Vdc, Vqs = 0, f = 100 Hz, BW = 1.0 Hz) 
°n 
— 
60 
115 
nV/VHz" 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N5460 thru 2N5465 


DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 


FIGURE 1 —VGS(off) = 2.0 VOLTS 
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RGURE2 — VGS(off) = 4.0 VOLTS 
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FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 


RGURE4 — VGS(off) = 2.0 VOLTS 
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2N5460 thru 2N5465 


FIGURE 7 - 
OUTPUT RESISTANCE 
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MOTOROLA SEMICONDUCTORS 


2N5484 
thru 
2N5486 


CASE 29-05, STYLE 5 
TO-92 (TO-226AA) 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Reverse Gate-Source Voltage 
VGSR 
25 
Vdc 


Drain Current 
<d 
30 
mAdc 


Forward Gate Current 
'G(f) 
10 
mAdc 


Total Device Dissipation @ Tq - 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj, Tfjtg 
-65 to +150 
•c 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 AtAdc, VDs = 0) 
V(BR)GSS 
-25 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs = -20Vdc,VDS = 0) 
(Vqs = -20 Vdc, Vqs = 0, Ta = lOCC) 


•gss 


- 
- 
-1.0 
-0.2 
nAdc 
/iAdc 


Gate Source Cutoff Voltage 
(Vqs = 15 Vdc, lp = 10 nAdc) 
2N5484 
2N5485 
2N5486 


vGS(off) 
-0.3 
-0.5 
-2.0 


- 
-3.0 
-4.0 
-6.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
'DSS 
mAdc 
(VDS = 15Vdc,VGS = 0) 
2N5484 
1.0 
— 
5.0 
2N5485 
4.0 
— 
10 
2N5486 
8.0 
— 
20 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(Vqs = 15 Vdc,Vqs = 0, f = 1.0 kHz) 
2N5484 
2N5485 
2N5486 


lYfsl 
3000 
3500 
4000 


- 
6000 
7000 
8000 


/imhos 


Input Admittance 
(VDs = 15 Vdc,Vqs = 0, f = 100 MHz) 
2N5484 
(Vds = 15 Vdc,Vgs = 0, f = 400 MHz) 
2N5485, 2N5486 


Re(yjs) 


- 
- 
100 
1000 


ftmhos 


Output Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
2N5484 
2N5485 
2N5486 


IVos! 


- 
- 
50 
60 
75 


/imhos 


Output Conductance 
(VDS = 15 Vdc, Vqs = 0, f = 100 MHz) 
2N5484 
(Vds = 15 Vdc,Vgs = 0, f = 400 MHz) 
2N5485, 2N5486 


Re(y08) 


- 
- 
75 
100 


/imhos 


Forward Transconductance 
(Vds = 15 Vdc,Vqs = 0, f = 100 MHz) 
2N5484 


(Vds = 15 Vdc,Vqs = 0, f = 400 MHz) 
2N5485 
2N5486 


Re(yfg) 
2500 


3000 
3500 


- 
- 


/imhos 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N5484 thru 2N5486 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Capacitance 
(VDS = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Cj88 
- 
- 
5.0 
pF 


Reverse Transfer Capacitance 
(Vds = 15 vdc, vqs = o, f = 1.0 mhz) 
Crss 
— 
— 
1.0 
pF 


Output Capacitance 
(Vos = is vdc, vqs = o, f = i.o mhz) 
C0ss 
— 
— 
2.0 
pF 


FUNCTIONAL CHARACTERiSTICS 


Noise Figure 
(Vos = 15 Vdc, Vqs = 0, Rq = 1.0 Megohm, f = 1.0 kHz) 
(Vds = 15 Vdc, Id = 1.0 mAdc, 
2N5484 
Rq - 1.0 k ohm, f = 100 MHz) 
(Vds = 15 Vdc, Id = 10 mAdc, 
2N5484 
Rq- 1.0 k ohm, f = 200 MHz) 
(Vds = 15 Vdc, Id = 4.0 mAdc, 
2N5485, 2N5486 
Rq - 1.0 k ohm, f = 100 MHz) 
(VDS = 15 Vdc, Id = 4.0 mAdc, 
2N5485, 2N5486 
Rq - 1.0 k ohm, f = 400 MHz) 


NF 


- 
4.0 


2.5 
3.0 


2.0 


4.0 


dB 


Common Source Power Gain 
(Vds = 15 Vdc, Id = I.O mAdc, f = 100 MHz) 
2N5484 
(Vds = 15 Vdc, Id = 1.0 mAdc, f = 200 MHz) 
2N5484 
(Vds = 15 Vdc, Id = 4.0 mAdc, f = 100 MHz) 
2N5485, 2N5486 
(Vds = 15 Vdc, Id = 4.0 mAdc, f = 400 MHz) 
2N5485, 2N5486 


Gps 
16 


18 
10 


14 
25 


30 
20 


dB 


SMALL-SIGNAL DEVICES 
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2N5555 


CASE 2902, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
- Symbol 
Value 
Unh 


Drain-Source Voltage 
vDs 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Gate-Source Voltage 
vgs 
25 
Vdc 


Forward Gate Current 
'GF 
10 
mAdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mVWC 


Junction Temperature Range 
Tj 
-65 to +150 
°C 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
| 
MIn 
| 
Max 
UnH 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
do = io uAdc, vds = o) 
V(BR)GSS 
25 
— 
Vdc 


Gate Reverse Current 
(Vqs = 15 vdc, vDs = o) 
<GSS 
— 
1.0 
nAdc 


Drain Cutoff Current 
(vDs = 12 vdc, vqs = -iov) 
(Vds = 12 vdc, vqs = - io v, ta = ioox) 


'D(off) 


- 
10 
2.0 


nAdc 


ftAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(VDS = 15 Vdc, VGS = 0) 
'DSS 
15 
— 
mAdc 


Gate-Source Forward Voltage 
l'G(f) = 1-° "iAdc, Vds = 0) 
VGS(f) 
— 
1.0 
Vdc 


Drain-Source On-Voltage 
(ID =• 7.0 mAdc, Vqs = 0) 
VDS(on) 
— 
1.5 
Vdc 


Static Drain-Source On Resistance 
(ID = 0.1 mAdc, Vqs = 0) 
T>S(on) 
— 
150 
Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Drain-Source "ON" Resistance 
(Vgs = 0, Id = 0,f = I.OkHz) 
rds(on) 
— 
150 
Ohms 
| 


Input Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Cjss 
— 
5.0 
pF 


Reverse Transfer Capacitance 
(Vos = o, vqs = 10 vdc, f = 1.0 mhz) 
Crss 
— 
1.2 
pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 
(Vdd = 10Vdc, lo(on) = 7.0 mAdc, 
VGS(on) = 0, VQSloff) = -10 Vdc) 
(See Figure 1) 


td(on) 
— 
5.0 
ns 


Rise Time 
tr 
— 
5.0 
ns 


Turn-Off Delay Time 
(VDd = 10Vdc, lD(on) = 7.0 mAdc, 
VGS(on) = 0.VGS(off) = -10 Vdc) 
(See Figure 1) 


td(off) 


— 
15 
ns 


Fall Time 
tf 
— 
10 
ns 


•Pulse 
Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N5555 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 
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Rot Timt < 1.0 nt 
ftll rim <l.0n» 
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MOTOROLA SEMICONDUCTORS 


2N5638 
2N5639 
2N5640 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
30 
Vdc 


Forward Gate Current 
"GF 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/'C 


Junction Temperature Range 
tj 
-66 to +150 
°C 


Storage Temperature Range 
Tstq 
-65 to +150 
•c 
Refer to 2N5653 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10/iAdc,VDs = 0) 
V(BR)GSS 
30 
- 
Vdc 


Gate Reverse Current 
(Vqs = -15 Vdc, Vds = 0) 
(Vqs = -15 Vdc, Vds = 0,Ta = 1008C) 


•gss 


- 
1.0 
1.0 
nAdc 
juAdc 


Drain Cutoff Current 
(Vds = 15 Vdc, Vqs = -12 Vdc) 
2N5638 
(Vds = 15 Vdc, Vqs = -8.0 Vdc) 
2N5639 
(Vds = 15 Vdc, Vqs = -6.0 Vdc) 
2N5640 
(Vds = 15 Vdc, Vqs = -12 Vdc, TA = 100°C) 
2N5638 
(Vds = 15 Vdc. Vqs = -8.0 Vdc, TA = 100°C) 
2N5639 
(Vds = 15 Vdc, Vqs = "6.0 Vdc, Ta = 100°C) 
2N5640 


'D(off) 


- 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


nAdc 


/iAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current!!) 
'DSS 
mAdc 
(Vds = 20 vdc, vGs = o) 
2N5638 
50 
— 
2N5639 
25 
— 
2N5640 
5.0 
— 


Drain-Source On-Voltage 
vDS(on) 
Vdc 
(ID = 12 mAdc, Vqs = 0) 
2N5638 
— 
0.5 
(ID = 6.0 mAdc, Vqs = °) 
2N5639 
— 
0.5 
(ID = 3.0 mAdc, Vqs = 0) 
2N5640 
— 
0.5 


Static Drain-Source On Resistance 
TJS(on) 
Ohms 
(ID = 1.0 mAdc, Vqs = 0) 
2N5638 
— 
30 
2N5639 
— 
60 
2N5640 
— 
100 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(Vqs = 0, Id = 0, f =• 1.0 kHz) 
2N5638 
2N5639 
2N5640 


rds(on) 


- 


30 
60 
100 


Ohms 


Input Capacitance 
(Vds d o, vqs = -12 vdc, f = 1.0 mhz) 
Cjss 
— 
10 
pF 


Reverse Transfer Capacitance 
(Vos = 0, Vqs = -12 Vdc, f - 1.0 MHz) 
cr88 
— 
4.0 
pF 


MOTOROLA SEMICONDUCTORS 
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2N5638, 2N5639, 2N5640 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


SWITCHING CHARACTERISTICS 


Turn-On Delay 
Time 


VDd = 10 Vdc, 


VGS(on) = 0, 
vGS(off) = -10 Vdc, 


Rq' = 50 ohms 


'D(on) = 12 mAdc 
2N5638 
6.0 mAdc 
2N5639 
3.0 mAdc 
2N5640 


td(on) 
-- 
4.0 
6.0 
8.0 


ns 


Rise Time 
•D(on) = 12 mAdc 
2N5638 
6.0 mAdc 
2N5639 
3.0 mAdc 
2N5640 


tr 


- 


5.0 
8.0 
10 


ns 


Turn-Off Delay 
Time 
'D(on) = 12 mAdc 
2N5638 
6.0 mAdc 
2N5639 
3.0 mAdc 
2N5640 


td(off) 
5.0 
10 
15 


ns 


Fall Time 
'D(on) = 12 mAdc 
2N5638 
6.0 mAdc 
2N5639 
3.0 mAdc 
2N5640 


tf 
E 


10 
20 
30 


ns 


(1) Pulse Test: Pulse Width =s300 us, Duty Cycle < 3.0%. 


SMALL-SIGNAL DEVICES 
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2N5653 
2N5654 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
30 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Storage Temperature Range 
Tsta 
-65 to +150 
•c 


ELECTRICAL CHARACTERiSTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(iG = 10 ftAdc. vDs = o» 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(Vqs ° -15 vdc, vDs = o) 
(Vgs = -15 vdc, Vds = o.ta = nxro 


IGSS 


- 
1.0 
1.0 
nAdc 
uAdc 


Drain Cutoff Current 
(Vds = 15Vdc.Vqs = -12 Vdc) 
2N5653 
(VDS = 15Vdc,Vqs = -8.0 Vdc) 
2N5654 
(Vds = 15Vdc,Vqs = -12 Vdc,TA = 1008C) 
2N5653 
(VDS = 15Vdc,Vqs = -8.0 Vdc,TA = lOVC) 
2N5654 


'D(off) 


- 


1.0 
1.0 
1.0 
1.0 


nAdc 


uAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 
(Vds = 20Vdc.Vqs = 0) 
2N5653 
2N5654 


•dss 
40 
15 


- 


mAdc 


Drain-Source On-Voltage 
(lD = 10mAdc,Vqs = 0) 
2N5653 
(lD = 5.0mAdc,Vqs = 0) 
2N5654 


VDS(on) 


^ 
0.75 
0.75 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(Vqs = 0, Id = 1.0 mAdc) 


(Vqs = 0, Id = 0, f = 1.0 kHz) 


Input Capacitance 
(VpS = 0, VQS ° ~ 12 Vdc'f = 1° MHz' 
Reverse Transfer Capacitance 
(Vos = 0. vqs = -12 vdc, f = 1.0mhz) 
(Vds = 0, Vqs ° -8.ovdc.f = lomhz) 


MOTOROLA SEMICONDUCTORS 
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2N5653 
2N5654 


2N5653 
2N5654 


2N5653 
2N5653 


rds(on) 
50 
100 


50 
100 


3.5 
3.5 


Ohms 


pF 


"pf" 


SMALL-SIGNAL DEVICES 


2N5653, 2N5654 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 
Test Condition for 2N5653: 
td(on) 
- 
4.0 
6.0 
ns 
(Vdd = 10Vdc.VQS(on) = 0, 
2N5653 
VGS(off) = -12 Vdc, 
2N5654 
'D(on) - 10 mAdc, 
2N5653 
RG' = 50 Ohms) 
2N5654 


Test Condition for 2N5654: 


Rise Time 
tr 
— 
5.0 
8.0 
ns 


Turn-Off Delay Time 
td(off) 
- 
5.0 
10 
ns 
(Vdd = 10Vdc, VQS(on) = 0, 
2N5653 
VGS(off) = -12 Vdc, 
2NB654 
lD(on) = 5.0 mAdc, 
2N5653 
Rq' = 50 Ohms) 
2N5654 
(Figure 1) 


Fall Time 
tf 


— 
10 
20 
ns 


(1) Pulse Test: Pulse Width <s300 us, Duty Cycle <s3.0%. 


ISWTPUISE: 
t, < 10 its 
I- 1.0 kHt 
DulrCyclKl.m 


n: 


SMALL-SIGNAL DEVICES 


FIGURE 1 -SWITCHING TIME TESTCIRCUIT 
Rf^S-('(MM)* 501 


VGSIoh) 


•VGSIolll 


-H 


PUISE 
GENERATOR 


SCOPE 
TEKTRONICWJA 
OR EQUIVALENT 


6-69 


MOTOROLA SEMICONDUCTORS 


2N5668 
2N5669 
2N5670 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
25 
Vdc 


Drain Current 
"d 
20 
mAdc 


Forward Gate Current 
'G(f) 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Storage Channel Temperature Range 
Tstq 
-65 to +150 
"C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
| 
Unit 
| 
Characteristic 
Symbol 
Min 
Typ 
Max 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(iG = 10 ftAdc. vds = o) 
V(BR)GSS 
25 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs= -15 Vdc,vDs = 0) 
(Vqs = -is vdc, vDs = o.ta = ioo°o 


IGSS 


- 
- 
2.0 
2.0 
nAdc 
uAdc 


Gate Source Cutoff Voltage 
(VDS = 15Vdc,Id = 10 nAdc) 
2N5668 
2N5669 
2N5670 


VQS(off) 
0.2 
1.0 
2.0 


- 


4.0 
6.0 
8.0 


Vdc 


ON CHARACTERiSTICS 


Zero-Gate-Voltage Drain Currentd) 
(VDS= 15 Vdc, vGs = o) 


tototoZZZonoiui O 
COCD 


'DSS 
1.0 
4.0 
8.0 


- 
5.0 
10 
20 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc,Vqs = 0, f = 1.0 kHz) 


Input Admittance 
(VpS = 15 Vdc,Vqs = 0. f = 100 MHz) 


Output Admittance 
(VDS = 15 Vdc,Vqs = 0, f = 1.0 kHz) 


Output Conductance 
(Vds = 15Vdc,Vqs = 0, f = 100 MHz) 


Forward Transconductance 
(Vds = 15 Vdc,Vqs = 0, f = 100 MHz) 


Input Capacitance 
(Vps = 15Vdc, Vqs - 0. f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = is vdc. vgs ° o. f = lo mhz) 


MOTOROLA SEMICONDUCTORS 


2N5668 
2N5669 
2N5670 


2N5668 
2N5669 
2N5670 


2N5668 
2N5669 
2N5670 


2N5668 
2N5669 
2N5670 


6-70 


lyfs 


Re(yis) 


Re(yos) 


Re(yfs) 


1500 


2000 
3000 


1000 
1600 
2500 


125 


10 


25 
35 


4.7 


1.0 


6500 
6500 
7500 


800 


20 
50 
75 


50 
100 
150 


3.0 


/imhos 


/imhos 


/imhos 


/imhos 


umbos 


PF 


pF 


SMALL-SIGNAL DEVICES 


2N5668, 2N5669, 2N5670 


ELECTRICAL CHARACTERISTICS (continued)(TA = 25°C unless otherwise noted.) 


Characteristic 


Output Capacitance 
(VDS = 15 Vdc,Vqs ° 0. f ° 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 1) 
(VpS ° 15 Vdc, Vqs = 0, f " 100 MHzat Rq' 


Common Source Power Gain (Figure 1) 
(VpS " 15 Vdc,Vqs = 0.1° IOO MHz) 


1.0 kohm) 


(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle « 10%. 


Symbol 


NF 


3p8 


Min 


16 


FIGURE 1-100 MHz, POWERGAIN AND NOISE FIGURE TEST CIRCUIT 
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2N6659 
2N6660 
2N6661 
MPF6659 
MPF6660 
MPF6661 
2N6659,60,61 
CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


MPF6659,60,61 
CASE 29-03, STYLE 22 
TO-226AE 


TMOS 
SWITCHING TRANSISTOR 


N-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
2N6659 
MPF6669 
2N6660 


MPF6660 
2N6661 


MPF6661 
Unit 
Drain-Source Voltage 
vds 
35 
60 
90 
Vdc 
Drain-Gate Voltage 
vdg 
35 
60 
90 
Vdc 


Gate-Source Voltage 
vqs 
± 30 
Vdc 


Drain Current — 
Continuous (1) 
Pulsed (2) 
'd 
'dm 


2.0 
3.0 


Adc 


2N6659 
2N6660 
2N6661 


MPF6659 
MPF6660 
MPF6661 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Pd 
6.25 
50 
2.5 
20 


Watts 
mW/°C 


Total Device Dissipation 
@ ta = 25°c 
Derate above 25°C 


pd 


- 
1.0 
8.0 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tfjtg 
-55 to +150 
°C 


(1)The Power Dissipation of the package may result in a lower continuous drain 
current. 
(2) Pulse Width =s 300 /is. Duty Cycle * 2.0%. 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
I 
Typ 
Max 
Unh 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = Maximum Rating, Vgs ~ °) 
'DSS 
— 
- 
10 
ftAdc 


Gate-Body Leakage Current 
(VGS = 15V.Vps = 0) 
>GSS 
— 
— 
100 
nAdc 


Drain-Source Breakdown Voltage 
(Vqs = 0. ID = 10 uA> 
2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


V(BR)DSX 
35 
60 


SO 


- 


- 


Vdc 


ON CHARACTERISTICSm 


Gate Threshold Voltage 
(Vds = Vqs- lp = 1-0 mA) 
VGS(Th) 
0.8 
1.4 
2.0 
Vdc 


Drain-Source On-Voltage 
(Vqs = 10 V, lp = 1.0 A) 
2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


(Vqs = 5.0 V, lp = 0.3 A) 
2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


VpS(on) 


- 
0.8 
0.9 
0.9 


1.8 
3.0 
4.0 


1.5 
1.5 
1.6 


Vdc 


Static Prain-Source On Resistance 
(Vgs = 10 Vdc, lp = 1.0 Adc) 
2N6659, MPF6659 
2N6660, MPF6660 
2N6661, MPF6661 


rpS(on) 


- 


- 


1.8 
3.0 
4.0 


Ohms 


On-State Drain Current 
(VpS = 25 v, vqs = io v» 
'D(on) 
1.0 
2.0 
— 
Amps 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps " 25 V. VGS =• 0, f ** 1.0 MHz) 
Ciss 
— 
30 
50 
pF 


Reverse Transfer Capacitance 
(Vps = 25 V, Vqs = 0, f = 1.0 MHz) 
Crgs 
— 
3.6 
10 
pF 


Output Capacitance 
(Vps = 25 V. VGS = 0. f = 1.0 MHz) 
C0ss 
— 
20 
40 
pF 


Forward Transconductance 
(Vps = 25V,lp = 0.5A) 
Ofs 
170 
— 
— 
mmhos 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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2N6659, 2N6660, 2NS661, MPF6659, MPF6660, MPF6661 


ELECTRICAL CHARACTERISTICS (Ta = 25*C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unh 


SWITCHING CHARACTERISTtCSd) 


Rise Time 
tr 
— 
— 
5.0 
ns 


Fatl Time 
tf 
— 
— 
5.0 
ns 


Turn-On Time 
ton 
— 
— 
5.0 
ns 


Turn-Off Time 
toff 
— 
— 
5.0 
ns 


(1) Pulse Test: Pulse Width < 300 fts, Puty Cycle «s2.0%. 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT 


+ 25 V 


FIGURE 2 — SWITCHING WAVEFORMS 


Pulse Generator 


RGURE 3 — VQS(th) NORMALIZED versus TEMPERATURE 
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RGURE 5 — OUTPUT CHARACTERISTICS 
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To Sampling Scope 
SO O Input 
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RGURE 4 — ON-REG10N CHARACTERISTICS 
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RGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 


RGURE 7 — ON-VOLTAGE versus TEMPERATURE 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 


Prain-Source Voltage 
vps 
+ 20 
Vdc 
Drain-Gate Voltage 
VPG 
+ 20 
Vdc 
Gate-Source Voltage 
vgs 
±10 
Vdc 


Drain Current 
lp 
50 
mAdc 
Total Device Dissipation @ Ta - 25°C 
Derate above 25 C 
pp 
330 
2.2 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj, Ts,g 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS(TA = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERiSTICS 


3N128 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MOSFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Symbol 
MIn 
Max 
Unh 


Gate-Source Breakdown Voltaged) 
«G = -10/iAdc.Vps = 0) 
V(BR)GSS 
-50 
- 
Vdc 


Gate Reverse Current 
(Vqs = -8.0 Vdc, VpS = 0) 
(Vqs = "8.0 Vdc, Vps = O,TA = 125"*:) 


•gss 


- 
0.05 
5.0 


nAdc 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, lp = 50 ftAdc) 
VGS(off) 
-0.5 
-8.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Prain Current(2) 
(VpS = 15 Vdc,VQS = 0) 
toss 
5.0 
25 
mAdc 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 1.0 kHz) 
lYfsl 
5000 
12,000 
/imhos 


Input Admittance 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 200 MHz) 
Re(yis) 
— 
800 
/imhos 


Output Conductance 
(VpS = 15 Vdc, lp = 5.0 mAdc, f = 200 MHz) 
Re(yos) 
— 
500 
/imhos 


Forward Transconductance 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 200 MHz) 
Re(yfe) 
5000 
— 
/imhos 


Input Capacitance 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 1.0 MHz) 
ciss 
— 
7.0 
PF 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 1.0 MHz) 
Crss 
0.05 
0.35 
pF 


FUNCTIONAL CHARACTERISTICS 
— 
1 
Noise Rgure 
IVps = 15 Vdc, lp = 5.0 mAdc, f = 200 MHz) 
NF 
- 
5.0 
dB 


Power Gain 
(Vps = 15 Vdc, lp = 5.0 mAdc, f = 200 MHz) 
PG 
13.5 
23 
dB 


(1)Caution Pestructive Test, can damage gate oxide beyond operation. 
(2) Pulse Test: Pulse Width = 300 fts, Duty Cycle - 2.0%. 
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3N128 


TYPICAL CHARACTERISTICS 
(TA=25°C) 


FIGURE 1 - 
DRAIN CHARACTERISTICS 
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FIGURE 2 - 
TRANSFER CHARACTERISTICS 
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TYPICAL 1 kHz DRAIN CHARACTERISTICS 
(TA - 25°C,VDS =15Vdc,f - 1.0kHz) 


FIGURE 3 - 
FORWARD TRANSADMITTANCE 
versus GATE BIAS VOLTAGE 
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FIGURE 4 - 
FORWARD TRANSADMITTANCE 
versus DRAIN CURRENT 
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TYPICAL 200 MHz COMMON-SOURCE ADMITTANCE CHARACTERISTICS 
1TA =25°C, VDS = 15 Vdc,f • 200 MHz) 


FIGURE 5 - INPUT ADMITTANCE <yis)COMPONENTS 


4.0 


£ 
3.0 


O 
UJ 
z 
u 
< 
5 


a. o. 
15 


5 
S 
ID 


bit 


ait 


4.0 
6.0 


10. ORAINCURRENT(mAI 


MOTOROLA SEMICONDUCTORS 


FIGURE 6 - FORWARD TRANSADMITTANCE (vf,) COMPONENTS 
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3N128 


FIGURE7 - REVERSE TRANSADMITTANCE <y„)COMPONENTS 
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FIGURE 9 - 
POWER GAIN AND NOISE FIGURE 
versus DRAIN CURRENT 
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FIGURE 8 - OUTPUT ADMITTANCE (yosl COMPONENTS 
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FIGURE 10 - 
POWER GAIN AND NOISE FIGURE 
versus DRAIN VOLTAGE 
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FIGURE 11 - 
THIRD ORDER INTERMODULATION DISTORTION 
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Figure 11 shows the typical third order intermodulation dis 
tortion (IMO) performance of the 3N128 at 200 MHz. 
Both fundamental output and third order IMD output charac 
teristics are plotted. 
The curves have been extrapolated to show 
the third order intermodulation output intercept point. 
Performance for drain currents from IpsS to 0.1 <DSS<isgiven- 
The power gain and noise figure test amplifier shown in Figure 12 
was used to generate the IMD data. 


FIGURE 12 - 
POWER GAIN, NOISE FIGURE AND INTERMODULATION DISTORTION TESTCIRCUIT 
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Ll • 41/2 turns#20 AWG wire, 3/16" diameter, 
approximately 1/2" long,ttpptd 1 turn Irom 
ground end. 
L2= 3-1/2 turns #20 AWG wire,3/8" diameter, 
epproximately1/2" long 
'Letdless-type disc ctpecitor 
^Neutralization fixedfor a Transistorhaving a 
Typicalvalueof C,a (0.13 pF) 


MOTOROLA SEMICONDUCTORS 


3N155 
3N156 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOSFET 
SWITCHING 


P-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
±35 
Vdc 


Drain-Gate Voltage 
vdg 
±50 
Vdc 


Gate-Source Voltage 
vgs 
±50 
Vdc 


Drain Current 
id 
30 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Junction Temperature Range 
tj 
-65 to +175 
'C 


Storage Channel Temperature Range 
Tsta 
-65 to +175 
'C 


Refer to 3N157 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(lp = -10 /iAdc, Vq = Vs = 0) 
V(BR)DSX 
-35 
— 
— 
Vdc 


Zero-Gate-VoltageDrain Current 
(Vqs = -10 Vdc,Vqs = °) 
(Vqs = -io vdc, vqs = o.ta = 125*0 
•dss 
— 
-1.0 
-1000 
nAdc 


Gate Reverse Current 
(Vqs = +50 Vdc, Vrjs = 0) 
(Vqs = +25 Vdc,VDs = o) 
•gss 
— 
+ 1000 


+ 10 
pAdc 


Resistance Drain Source 
(Id - 0, Vgs - °) 
'DS(off) 
1x10*10 
— 
— 
Ohms 


Resistance Gate Source Input 
(Vgs = - 25 Vdc) 
Rgs 
— 
1x10*16 
— 
Ohms 


Gate Forward Leakage Current 
(Vqs = - 50 Vdc,Vds = °) 
(Vqs = -25 vdc, vDs =• o) 
'G(f) 
— 


— 
-1000 
-10 
pAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vds ° -10 Vdc, Id = -10 ftAdc) 
VQS(Th) 
-1.5 
— 
-3.2 
Vdc 


Drain-Source On-Voltage (Id = -2.0 mAdc, Vqs = -10 Vdc) 
VDS(on) 
— 
- 
-1.0 
Vdc 


Static Drain-Source On Resistance 
(Id = 0 mAdc, Vqs ° -10 Vdc) 
'DS(on) 
— 
— 
600 
Ohms 


On-State Drain Current 
(Vds = -15 Vdc, Vqs = -10 Vdc) 
'D(on) 
-5.0 
- 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(Vqs = -10 Vdc,Id = 0, f = 1.0 kHz) 
(Vqs = -15 Vdc, Id = 0, f = 1.0 kHz) 


rds(on) 


- 
- 
400 
350 


Ohms 


Forward Transfer Admittance 
(Vds = -15 Vdc,Id = -2.0 mAdc,f = 1.0 kHz) 
lYfsl 
1000 
— 
4000 
pmhos 


Input Capacitance 
(Vds = -15 Vdc,Vqs = -10 Vdc,f = 140kHz) 
Ciss 
— 
— 
5.0 
pF 


Reverse Transfer Capacitance 
(Vqs = 0, VGS = 0, f = 140 kHz) 
Crss 
— 
— 
1.3 
PF 


Drain-Substrate Capacitance 
(Vd(SUB) = -10 Vdc.f = 140 kHz) 
Cd(sub) 
4.0 
—• 
— 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Delay 


Rise Time 


Turn-Off Delay 


Fall Time 


(Vdd = -10 Vdc. lo(on) = -2.0 mAdc, 
VGS(on) = -10Vdc,VGS(off) = 0) 
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45 
fts 


65 


60 


100 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage* 
vDs 
±35 
Vdc 


Drain-Gate Voltage* 
vdg 
±50 
Vdc 


Gate-Source Voltage* 
vgs 
±50 
Vdc 


Drain Current* 
'D 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25X* 
pd 
300 
1.7 
mW 
mW/°C 


Junction Temperature Range* 
tj 
-65 to +175 
•c 


Storage Channel Temperature Range* 
Tsta 
-65 to +175 
•c 


'JEDEC Registered Limits 


ELECTRICALCHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


3N157 
3N158 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOSFET 
AMPLIFIER AND SWITCHING 


P-CHANNEL — ENHANCEMENT 


Min 
Typ 
Max 
Unit 


Drain-Source Breakdown Voltage 
(Id - -10 /iAdc, Vq = Vs = 0) 
V(BR)DSX 
-35 
— 
— 
Vdc 


Zero-Gate-Voltage Drain Current 
(Vds = -15 Vdc, Vqs = 0) 
«VDS= -35 Vdc, Vqs = 0) 
>DSS 
— 
— 
-1.0 
-10 
nAdc 
ftAdc 


Gate Reverse Current* 
(Vqs = +25 Vdc, Vds = °) 
(vGs = +50 vdc, vDs = o) 
>GSS 
— 
+ 10 


+ 10 
pAdc 
nAdc 


Input Resistance 
(Vgs = - 25 Vdc) 
Rgs 


— 
1x10+12 
— 
Ohms 


Gate Source Voltage* 
(Vos = -15 Vdc, Id = -0.5 mAdc) 
3N157 
3N158 


vqs 
-1.5 
-3.0 


- 
-5.5 
-7.0 


Vdc 


Gate Forward Current* 
(Vqs = -25 Vdc, Vos = 0) 
(VGS = -50Vdc,VDS = 0) 
(Vqs = -25 Vdc, Vos = 0, Ta = +55°C) 
(Vqs = -50 Vdc, Vds = 0, Ta = +55°C) 


'G(f) 


- 


- 


-10 
-1.0 
-10 
-1.0 


pAdc 
nAdc 
nAdc 
iiAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage* 
(Vds = -15 Vdc, Id = -10 ftAdc) 
3N157 
3N158 


vGS(Th) 
-1.5 
-3.0 


- 
-3.2 
-5.0 


Vdc 


On-State Drain Current* 
(Vds = - '5 vdc, vqs = -10 vdc) 
'Dion) 
-5.0 
— 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* 
(Vds = -15 Vdc, Id = -2.0 mAdc, f = 1.0 kHz) 
lYfsl 
1000 
— 
4000 
ftmhos 


Output Admittance* 
(Vds = -15 Vdc, Id = -2.0 mAdc, f = 1.0 kHz) 
Ivosl 
— 
— 
60 
jumhos 


Input Capacitance* 
(Vqs = -15 Vdc, Vqs = 0, f = 140 kHz) 
Ciss 
— 
— 
5.0 
PF 


Reverse Transfer Capacitance* 
(Vds = -15 Vdc, Vqs = 0, f = 140 kHz) 
Crss 
— 
— 
1.3 
pF 


Drain-Substrate Capacitance 
(VD(SUB) = -10 Vdc, f = 140 kHz) 
Cd(sub) 
— 
— 
4.0 
PF 


Noise Voltage 
(RS = 0, BW = 1.0 Hz, 
Vds = -15 Vdc, Id = -2.0 mAdc, f = 100 Hz) 
(RS = 0, BW = 1.0 Hz, 
VDS = -15 Vdc, Id = -2.0 mAdc, f = 1.0 kHz) 


«n 


- 
300 


120 
500 


NV/VHz 


•JEDEC Registered Limits 


SMALL-SIGNAL DEVICES 
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3N157, 3N158 


FIGURE 1 - 
FORWARD TRANSCONDUCTANCE 
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FIGURE 3 - 
FORWARD TRANSCONDUCTANCE 
versus TEMPERATURE 
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FIGURE 5 - "ON" DRAIN-SOURCE VOLTAGE 
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FIGURE 2 - 
OUTPUT TRANSCONDUCTANCE 
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FIGURE 4-BIASCURVE 
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FIGURE 6 - EQUIVALENT INPUT NOISE VOLTAGE 
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3N157, 3N158 


SWITCHING CHARACTERISTICS 
(TA = 25°C) 
FIGURE 7 - TURN-ON DELAY TIME 
FIGURE 8 - 
RISE TIME 
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FIGURE 9 - TURN-OFF DELAY TIME 
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FIGURE 11 - 
SWITCHING CIRCUIT and WAVEFORMS 
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FIGURE 12 - 
SWITCHING CIRCUIT with MOSFET 
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The switching characteristics shown above were measured 
in a test circuit similar to Figure 11. At the beginning of the 
switching interval, the gate voltage is at ground and the gate 
sourcecapacitance (Cgs •Cres•Cres) has nocharge.Thedrain 
voltage is at Vdd and thus the feedback capacitance (Crss) is 
charged to Vdd- Similarly, the drain substrate capacitance 
(Cd(sub))ischarged to Vdd since the substrate and source are 
connected to ground. 
During the turn-onintervalCgsischarged to Vqs (theinput 
voltage) through Rg (generator impedance) (Figure 12). Crss 
must be discharged to Vqs • Vo(on) through Rg and the par 
allel combination of the load resistor (Rd) and the channel 
resistance (rds). In addition, Cd(sub) is discharged to a low 
value(VD(on)) through Rd in parallelwith r>js. During turn-off 
this charge flow is reversed. 
Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (r<js) is a function of the gate source 
voltage(Vqs)-AsCgs becomes charged Vgs 's approaching 
Vjnand rdsdecreases (see Figure5)and since Crs3and Cd(sub) 
are charged through rds, turn-on time is quite non-linear. 
Ifthecharging timeofCgS isshortcomparedto that ofC^g 
and Cd(sub)'then rds (whichis in parallelwith Rd)willbe low 
compared to Rrj during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn- 
offrdswillDe almostan open circuitrequiringCrsgand Cd(sub) 
to be charged through Rd and resulting in a turn-off time that 
is long compared to the turn-on time. This is especially no 
ticeable forthecurveswhereRg*0andCg8 ischargedthrough 
the pulse generator impedance only. 
The switching curves shown with Rg * Rd simulate the 
switching behavior of cascaded stages where the driving 
source impedance is normally the same as the load impedance. 
The set of curves with Rq • 0 simulates a low source impedance 
drive such as might occur in complementary logic circuits. 
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3N169 
3N170 
3N171 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


MOSFET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
VDS 
25 
Vdc 


Drain-Gate Voltage 
vdg 
±35 
Vdc 


Gate-Source Voltage 
vgs 
±35 
Vdc 


Drain Current 
id 
30 
mAdc 


Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mW/'C 


Total Device Dissipation @ Tc = 25"C 
Derate above 25°C 
pd 
800 
4.56 
mW 
mW/'C 


Junction Temperature Range 
Tj 
175 
°C 


Storage Temperature Range 
Tsta 
-65 to +175 
•c 
Refer to 2N4351 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
do = 10 MAdc. vqs = o» 
V(BR)DSX 
25 
- 
Vdc 


Zerc-Gate-Voltage Drain Current 
(Vds ° 10 Vdc, Vqs = 0) 
(Vds ° 10 Vdc. Vqs = 0, TA = 125"C) 


'DSS 


- 
10 
1.0 
nAdc 
MAdc 


Gate Reverse Current 
(Vgs= -35Vdc.VDS = 0) 
(Vqs = -35 Vdc, Vds = 0, TA = 125°C) 


>GSS 


- 
10 
100 


pAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vds = 10 Vdc, Id = 10 MAdc) 
3N169 
3N170 
3N171 


vGS(Th) 
0.5 
1.0 
1.5 


1.5 
2.0 
3.0 


Vdc 


Drain-Source On-Voltage 
(lD ~ 10 mAdc, Vqs ° 10 Vdc) 
VDS(on) 
— 
2.0 
Vdc 


On-State Drain Current 
(Vqs = 10 Vdc. Vds = 10 Vdc) 
'D(on) 
10 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(Vgs = 10 Vdc. Id = 0, f = 1.0 kHz) 
rds(on) 
— 
200 
Ohms 


Forward Transfer Admittance 
(Vds - 10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 
lYfsl 
1000 
— 
Mmhos 


Input Capacitance 
(Vds = 10 Vdc, Vqs •= 0, f «= 1.0 MHz) 
Cj8S 
— 
5.0 
PF 


Reverse Transfer Capacitance 
(Vds = 0. vqs = 0. f = 1.0 mhz) 
Crss 
— 
1.3 
PF 


Drain-Substrate Capacitance 
IVd(SUB) = 10 Vdc, f = 1.0 MHz) 
Cd(sub) 
— 
5.0 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 
(Vdd = 10Vdc, lo(on) = 10 mAdc, 
VQS(on) = 10 Vdc, VGs(off) = 0, 
Rq' = 50 Ohms) 
See Figure 1 


td(on) 
— 
3.0 
ns 


Rise Time 
tr 
— 
10 
ns 


Turn-Off Delay Time 
td(off) 
— 
3.0 
1 
ns 


Fall Time 
tf 
— 
15 
j 
ns 
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3N169, 3N170, 3N171 


RGURE 1 — SWITCHING TIME TEST CIRCUIT 
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3N201 
3N202 
3N203 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE MOSFET 
VHF AMPUFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
I 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdgi 
VDG2 


30 
30 
Vdc 


Drain Current 
id 
50 
mAdc 


Gate Current 
"G1 
>G2 


±10 
±10 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
360 
2.4 
mW 
mW/°C 


Total Device Dissipation @ Tq = 25°C 
Derate above 25'C 
pd 
1.2 
8.0 
Watt 
mW/T 


Lead Temperature 
tl 
300 
°C 


Junction Temperature Range 
tj 
-65 to +175 
°C 


Storage Channel Temperature Range 
Tsta 
-65 to +175 
°C 


Refer to MPF201 for additional graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


Drain-Source Breakdown Voltage 
(lp = 10 MAdc, Vs = 0, VG1S = VG2S ° -5.0 Vdc) 


Gate 1-Source Breakdown Voltaged) 
(Iq1 = ±10mAdc, VQ2S = VDS = °> 


Gate 2-Source Breakdown Voltaged) 
(|Q2 = ±10 mAdc,Vqis = VpS = °> 


Gate 1 Leakage Current 
(VG1S= ±5.0Vdc.VG2S 
(VG1S ° -S.0Vdc.VG2S 
vDs - o) 
vds = o.ta 
150°C) 


Gate 2 Leakage Current 
(VQ2S = ±5.0Vdc.VQ1s = VDS = 0) 
(VG2S " -5.0 Vdc,VG1S = VDS = 0. Ta = 150°C) 


Gate 1 to Source Cutoff Voltage 
(VpS " 15Vdc, VQ2S = 40 vdc' *D ° 20V^^ 
Gate 2 to Source Cutoff Voltage 
(VpS " 15Vdc, Vqis = 0. lp ° 20ftAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Prain Current(2) 
(VpS '= 15Vdc,VG,S = 0,VG2S 
4.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 
(Vds = 15 Vdc,VQ2S = 4.0 Vdc,Vqis 
0, f = 1.0 kHz) 


Input Capacitance 
(VpS ° 1SVdc,VG2S 
4.0 Vdc. lp = Ipss- f = 1-0MHz) 


3N201.3N202 
3N203 


3N201.3N202 
3N203 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VQ2S = 4-0 vdc<'P 
10 mAdc, f = 1.0 MHz) 


Output Capacitance 
,VDS = 15Vdc,VG2S 
4.0 Vdc, lp ° Ipss, f - 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 18Vdc,Vqg = 7.0 Vdc,f 
(Vpp ° 18Vdc. Vgg ° 60Vdc>f 
200 MHz) (Figure 1) 
45 MHz) (Figure 3) 
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Symbol 


V(BR)PSX 


V(BR)G1SO 


V(BR)G2SO 


>G1SS 


IG2SS 


VG1S(off) 


VG2S(off) 


loss 


lYfsl 


NF 


Min 


25 


±6.0 


:6.0 


-0.5 


-0.2 


6.0 
3.0 


8.0 
7.0 


0.005 


Typ 


±12 


±12 


.±.040 


±.050 


-1.5 


-1.4 


12.8 
12.5 


3.3 


0.014 


1.7 


1.8 
5.3 


Max 


±30 


±30 


±10 
-10 


±10 
-10 


-5.0 


-5.0 


30 
15 


20 
15 


0.03 


4.5 
6.0 


Unft 


Vdc 


Vdc 


Vdc 


nAdc 
MAdc 


nAdc 
MAdc 


Vdc 


Vdc 


mAdc 


mmhos 


PF 


PF 


PF 


dB 
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ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25'C unless otherwise noted.) 


Characteristic 


Common Source Power Gain 
(Vpp = 18Vdc, Vqq = 7.0 Vdc, f = 200 MHz) (Figure 1) 
3N201 
(Vdd = 18Vdc, Vqq = 6.0 Vdc, f = 45 MHz) (Figure 3) 
3N203 
(Vpp = 18Vdc, fLQ ° 245 MHz, fRp = 200 MHz) (Figure 2) 
3N202 


Bandwidth 
(V0D = 18Vdc,Vqq = 7.0Vdc. f = 200 MHz) (Figure 1) 
(VDD = 18Vdc, fLO = 245 MHz. fRF = 200 MHz) (Figure 2) 
(Vpp = 18Vdc.Vqq = 6.0Vdc. f = 45 MHz) (Figure 3) 
GainControlGate-Supply Voltage(4) 
(Vdd= 18Vdc, AGps = -30 dB, f = 200 MHz) (Figure 1) 
(VDD " 18Vdc, AGDS = -30 dB, f - 45 MHz) (Figure 3) 


3N201 
3N202 
3N203 


3N201 
3N203 


Symbol 


3ps 


Gc(5) 


BW 


Vqg(GC) 


Min 


15 
20 
15 


5.0 
4.5 
3.0 


Typ 


20 
25 
19 


-1.0 
-0.6 


Max 


25 
30 
25 


9.0 
7.5 
6.0 


-3.0 
-3.0 


Unft 


dB 


MHz 


Vdc 


(1) All gate breakdown voltages are measured while the device isconducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 
(2)PulseTest: Pulse Width = 300 ms. Duty Cycle «s2.0%. 
(3) This parameter mustbemeasured with bias voltages applied for less than 5seconds to avoid overheating. 
(4) AGp8 to defined asthechange inGpg from thevalue atVqq = 7.0 volts (3N201) and Vqg = 6.0 volts (3N203). 
(5) Power Gain Conversion 
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FIGURE 3 - 45-MHz TEST CIRCUIT SCHEMATIC 
3N203 
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TYPICAL CHARACTERISTICS 


FIGURE 4 - 
DRAIN CURRENT versus 
DRAIN to SOURCE VOLTAGE 


VG2S**.0V 
'DSS" 128mA 
| 


♦0.5 V 


—0\1 


-1.0 V 


2.0 
4.0 
6.0 
8.0 
10 
12 
14 
16 
VQS.0RAIN-T0S0URCE VOLTAGE IVOLTSI 


FIGURE 6 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
DRAIN CURRENT 
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FIGURE 5 - DRAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE 
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FIGURE 7 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-ONE to SOURCE VOLTAGE 
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FIGURE 8 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARO TRANSFER ADMITTANCE versus 
GATE-TWO to SOURCE VOLTAGE 
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FIGURE 9 - 
SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus 
GATE-TWO-to-SOURCE VOLTAGE 
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FIGURE 10 - 
COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus DRAIN CURRENT 
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FIGURE 12 - COMMON-SOURCE POWER GAIN 


versus DRAIN SUPPLY CURRENT - 
3N201 
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FIGURE 11 - 
COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE - 
3N201 
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FIGURE 13 - SMALL-SIGNAL COMMON-SOURCE 
CONVERSION POWER GAIN versus 
LOCAL OSCILLATOR INPUT VOLTAGE - 
3N202 
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FIGURE 14 - SMALL-SIGNAL COMMON SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE - 
3N203 


- VOD •18V 


+20 
1 «45M 
Circuitin Ftj 
- 
BW-4.5M 


Hi 
flirt3 


s*io 
•o 
nA 
- 


z 
< 
o 
ca 


S 
-10 
o 


«?-20 


-30 


-40 
-3.0 
-2.0 
-1.0 
0 
+1.0 
+2.0 
+3.0 
+4.0 
+5.0 
+6.0 
+7.0 


VGG(GC). GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 


TYPICAL CHARACTERISTICS 


FIGURE 15 - 
SMALL-SIGNAL GATE ONE 
FORWARD 
TRANSFER ADMITTANCE versus FREQUENCY 
FIGURE 16 - 
SMALL-SIGNAL GATE ONE INPUT 
ADMITTANCE versus FREQUENCY 
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FIGURE 17 - 
SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
25 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Drain Current 
id 
50 
mA 


Reverse Gate Current 
iq 
-10 
mA 


Forward Gate Current 
IGF 
10 
mA 


Total Device Dissipation @ Ta = 2SX 
Derate above 25°C 
pd 
360 
2.4 
mW 
mWVC 


Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 
pd 
1.2 
0.8 
mW 
mW/°C 


Lead Temperature 
tl 
300 
°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65°Cto 
+ 175^ 


X 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


3N204 
3N205 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL GATE 
MOSFET 


N-CHANNEL — DEPLETION 


Min 
Max 
Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(lD = 10 ftA. VQ1 = VG2 = "5.0 V) 
V(BR)DSX 
25 
— 
Vdc 


Gate 1-Source Breakdown Voltage 
(Iqi = ±10mA)Note1 
V(BR)G1SO 
±6 
±30 
Vdc 


Gate 2-Source Breakdown Voltage 
(|Q2 = ±10mA)Note1 
V(BR)G2SO 
±6 
±30 
Vdc 


Gate 1 Leakage Current 
(Vqis = ±s.ov.Vq2s = vDs = o) 
•G1SS 
— 
±10 
nA 


Gate 2 Leakage Current 
(VG2S - ±5.0 V,VG1S = Vds - 0) 
•G2SS 
— 
±10 
nA 


Gate 1 to Source Cutoff Voltage 
(Vds =» 15 V,VQ2S = 4.0 V,Id = 20 ftA) 
VG1S(off) 
-0.5 
-4.0 
Vdc 


Gate 2 to Source Cutoff Voltage 
(Vds = is v, Vqis = 0 v. id = 20 nA) 
VG2S(off) 
-0.2 
-4.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vds = 15 V.VQ2S = 4.0 V,VQ1S = 0 V) 
•DSS* 
6 
30 
mA 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(VDS = 15V,VQ2S = 4.0 V,VQ1S = 0 V,f = 1.0 kHz) Note2 
lYfsl 
10 
22 
mmhos 


Input Capacitance 
(Vds = 15 V,VQ2S = 4.0 V,Id = idss- f = 10 Mhz> 
Qss 
Typ. 
3.0 
PF 


Reverse Transfer Capacitance 
(Vds = 15V,VQ2S = 4.0 V,Id = 10 mA,f = 1.0 MHz) 
crss 
0.005 
0.03 
pF 


Output Capacitance 
(Vds = 15 V,VQ2S = 4.0 V, Id = IDSS- f = LOMHz) 
Coss 
Typ. 
1.4 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vdd = is v, vgg = 7.0 v, f = 200 mhz) 
(Vds = 15 V, VQ2S = 4.0 V, Id = 10 mA, f = 450 MHz) 


3N204 
3N204 


NF 


- 
3.5 
5.0 


dB 


Common Source Power Gain 
(Vdd = 18 V, Vqq = 7.0 V, f = 200 MHz) 
(Vds = 15 V,VQ2S = 4.0 V, Id = 10 mA, f = 450 MHz) 


3N204 
3N204 


Gps 
20 
14 
28 
dB 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Bandwidth 
(Vdd = 18 V, Vqg = 70 V. f = 200 MHz) 
3N3204 
(Vdd = 18 V, fLO = 245 MHz, fRF = 200 MHz) (Note 4) 
3N205 


BW 
7.0 
4.0 
12 
7.0 


MHz 


Gain Control Gate-Supply Voltage (Note 3) 
(Vdd = 18 V, AGPS = 300 dB, f = 200 MHz) 
3N204 
VQG(GC) 
0 
-2.0 
Vdc 


Conversion Gain (Note 4) 
(Vdd = 18 V. fLO = 245 MHz, fRF = 200 MHz) 
3N205 
G(conv.) 
17 
28 
dB 


•PW = 30 /usee. Duty Cycle * 2.0%. 
(1)Allgate breakdown voltages are measured while the device is conducting rated gate current. This insures that the gate voltage limiting 
network is functioning propertly. 
(2)This parameter must be measured with bias voltages applied for less than five (5) seconds to avoid overheating. 
(3) AGpS is definedas the changein Gp8 fromthe valueat Vqg = 7.0V. 
(4) Amplitude at input from local oscillator is 3 volts RMS. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
Vds 
25 
Vdc 


Drain-Gate Voltage 
vdgi 
VDG2 


30 
30 
Vdc 


Drain Current 
id 
30 
mAdc 


Gate Current 
<G1R 
•G1F 
'G2R 
<G2F 


-10 
10 
-10 
10 


mAdc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25'C 


PD 


3N209 
MPF209 


mW 
mW/°C 
300 
1.71 


- 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Pd 
300 
2.4 
mW 
mW/'C 


Lead Temperature, 1/16" From Seated 
Surface for 10 seconds 
tl 
260 
200 
°C 


Storage Channel Temperature Range 
Tstg 
-65 to 


+ 175 
-65 to 


+ 150 
•c 


Operating Channel Temperature 
^channel 
175 
150 
•c 


3N209 
MPF209 


3N209 
CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


MPF209 
CASE 317-01, STYLE 1 


DUAL-GATE 
MOSFET 
UHF COMMUNICATIONS 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(ID = 10 /iAdc. Vqis = -4.0 Vdc, Vq2S = 4.0 Vdc) 
V(BR)DSX 
25 
— 
— 
Vdc 


Gate 1 — Source Forward Breakdown Voltage 
(Iqi = 10 mAdc, VQ2S = vds = 0) 
V(BR)G1SSF 
7.0 
— 
22 
Vdc 


Gate 1 — Source Reverse Breakdown Voltage 
(IGI = -10 mAdc, VQ2S = Vds = 0) 
V(BR)G1SSR 
-7.0 
— 
-22 
Vdc 


Gate 2 — Source Forward Breakdown Voltage 
(|Q2 = 10 mAdc,Vqis = VDS = °) 
V(BR)G2SSF 
7.0 
— 
22 
Vdc 


Gate 2 — Source Reverse Breakdown Voltage 
(|Q2 «= -10 mAdc, Vqis = VDS = °) 
V(BR)G2SSR 
-7.0 
— 
-22 
Vdc 


Gate 1 — Terminal Forward Current 
<VG1S = 6.0Vdc,VG2S = VDS = 0) 
•gissf 
— 
— 
20 
nAdc 


Gate 1 — Terminal Reverse Current 
(VG1S = -6.0 Vdc, VG2S = VDS = 0) 
(Vqis = -6.0 Vdc, VQ2S = Vds = 0, Ta = 150*0 


'G1SSR 


- 
- 
-20 
-10 
nAdc 
fiAdc 


Gate 2 — Terminal Forward Current 
(VG2S = 6.0 Vdc,VQ1S = VDS = 0) 
'G2SSF 
— 
— 
20 
nAdc 


Gate 2 — Terminal Reverse Current 
(VQ2S = -6.0 Vdc.VG1S = vDs = 0) 
(VG2S = -6.0 Vdc, VG1S = VDS = 0, TA - 150°C) 


'G2SSR 


- 
- 
-20 
-10 
nAdc 
ftAdc 


ON OfARACTERlSTICS 


Gate 1 — Zero Voltage Drain Current 
(Vds - 15 Vdc.VQ1S - 0. VG2S = 4.0 Vdc) 
'DSS 
5.0 
— 
30 
mAdc 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(VDs = 15 Vdc, VQ2S = 4.0 Vdc, Id = 10 mAdc, f = 1.0 kHz) 
Vfs 
10 
13 
20 
mmhos 


Input Capacitance 
(Vds = 15 Vdc, Vg2S = 4.0 Vdc, Id * 5.0 mAdc, f - 1.0 MHz) 
Ciss 
— 
3.3 
7.0 
PF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc, VQ2S = 4.0 Vdc, Id •* 5.0 mAdc, f = 1.0 MHz) 
Crss 
0.005 
0.023 
0.03 
pF 


Output Capacitance 
(Vds = 15 Vdc, VQ2S = 4.0 Vdc, Id * 6.0 mAdc. f ° 1.0 MHz) 
coss 
0.5 
2.0 
4.0 
pF 
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3N209, MPF209 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°Cunless otherwise noted. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vqs = 15 Vdc. VG2S = 4.0 Vdc. In = 10 mAdc, f = 500 MHz) 
NF 


- 
4.0 
6.0 
dB 


Common Source Power Gain (Figure 12) 
(Vds = 15 Vdc, VQ2S = 4.0 Vdc, Id = 10 mAdc. f =- 500 MHz) 
Gps 
10 
13 
20 
dB 


•Bandwidth 
(VDS = 15 Vdc, VG2S = 4.0 Vdc, Id = 10 mAdc, f = 500 MHz) 
BW 
7.0 


— 
17 
MHz 


320° 


310° 


3000 


FIGURE 1 - 
MOS FET CIRCUIT SCHEMATIC 


TYPICAL SCATTERING PARAMETERS 


FIGURE 2 - S-11. INPUT REFLECTION COEFFICIENT 
versus FREQUENCY 
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FIGURE 3 - S12. REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY 
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230° 


FIGURE 4 _ S21. FORWARD TRANSMISSION 
COEFFICIENT versus FREQUENCY 
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FIGURES -S22. OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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TYPICAL COMMON-SOURCE ADMITTANCE PARAMETERS 
(VDS = 15 Vdc. VGS2"4.0Vdc, lD = 10 mAdc) 
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FIGURE 6 - Y-11, INPUT ADMITTANCE 
versus FREQUENCY 
FIGURE 7 - Yi2. REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE8 - Y2i. FORWARD TRANSFER ADMITTANCE 
verms FREQUENCY 
FIGURE9 - Y22, OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 - POWER GAIN AND NOISE FIGURE versus SOURCE RESISTANCE 


(See Schematic Figure 12) 
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RS.SOURCE RESISTANCE (0KMS) 


The Test Circuit shown in Figure 12 was used to generate Power Gain 
and Noise Figure as a function of Source Resistance curves. 


FIGURE 11 - THIRD ORDER INTERMODULATION DISTORTION 
(See Schematic Figure 12) 
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Figure 11 shows the typical third order intermodulation distortion 
(IMD) performance of the 3N209 and 3N210 at 500 MHz. 
Both fundamental output and third order IMD output characteristics 
era plotted. The curves have been extrapolated to show the third order 
intermodulation output Intercept point. 
The performance is typical for Iq between S.OmAdc and 10 mAdc 
The test circuit shown in Figure 12 was used to generate the IMD Data. 
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FIGURE 12 - TEST CIRCUIT FOR POWER GAIN, NOISE FIGURE 
AND THIRD ORDER INTERMODULATION DISTORTION 


eon 
Input 
I 
A C3I 


C1 - 1.0-20 pF, JOHANSON Air Variable Cap. (14.5 pF Nominal) 
C2 - 1.0-10 pF, JOHANSON Air Variable Cap <5.4 pF Nominal) 
C3, C11 - 470 pF, Low Inductance Feedthru Cap. 
C4, C8, C9, C10 - 250 pF, Low Inductance, UNDERWOOD Cap. (J-101) 
C5 - 0.4-6.0 pF. JOHANSON Air Variable Cap. 10.92 pF Nominal) 
C6 - 1.0-10 pF, JOHANSON Air Variable Cap. (6.9 pF Nominal) 
C7 - 1.0-10 pF, JOHANSON Air Variable Cap (3.0 pF Nominal) 


L1 - 2.52 x 0.1 Inches 
L2 - 0.4 x 0.1 inches 
L3» 1.23x0.2 Inches 


) 
On 2 sided glass Teflon, 1 oz. copper clad, 1/16" 
-2.5S 


)Trademark of E.I. Dupont, DoNemours and Co., Inc. 


T~Y 


son 
Output 
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3N211 
3N212 
3N213 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE 
MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to MPF211for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MAXIMUM RATINGS 


Rating 
Symbol 
3N211 
3N212 
3N213 
Unit 
Drain-Source Voltage 
vds 
27 
35 
Vdc 
Drain-Gate Voltage 
VDG1 
VDG2 


35 
35 
40 
40 
Vdc 


Drain Current 
id 
50 
mAdc 


Gate Current 
igi 
•G2 


±10 
±10 
mAdc 


TotalDeviceDissipation@ Ta = 25°C 
Derate above 25°C 
PD 
360 
2.4 
mW 
mW/°C 
Total DeviceDissipation@ Tc = 25°C 
Derate above 25'C 
Pd 
1.2 
8.0 
Watt 
mW/'C 


Lead Temperature, 1/16* From Seated 
Surface for 10 seconds 
tl 
300 
°C 


Junction Temperature Range 
tj 
-65 to +175 
°c 
Storage Temperature Range 
Tstq 
-65 to +175 
•c 


Symbol 
Min 
Max 
Unit 


Drain-Source Breakdown Voltage 
«D " 10 ftAdc, Vqis = VQ2S = -4.0 Vdc) 
3N211.212 
3N213 


v(BR)DSX 
25 
30 


- 
Vdc 


Instantaneous Drain-SourceBreakdownVoltage)!1) 
«D = 10 jiAdc,Vqi.s = VQ2S = -4.0 Vdc) 
3N211.212 
3N213 


V(BR)DSX 
27 
35 


- 
Vdc 


Gate 1-Source Breakdown Voltage(2) 
«G1 = ±10 mAdc,VQ2S = Vds = 0) 
V(BR)G1SO 
±6.0 
- 
Vdc 


Gate 2-Source Breakdown Voltage(2) 
«G2 = ±10mAdc,VGiS = Vqs = 0) 
V(BR)G2SO 
±6.0 
- 
Vdc 


Gate 1 Leakage Current 
(VG1S - ±5.0 Vdc.VG2S= V0S = 0) 
(Vqis = "5.0 Vdc, VQ2S = Vqs = 0, TA = 150*0 


>G1SS 


- 
±10 
-10 
nAdc 
uAdc 
Gate 2 Leakage Current 
(VG2S - ±5.0 Vdc,VG1S = VDS - 0) 
(VG2S = -5.0 Vdc.Vqis = Vps = 0, TA = 150*C) 


'G2SS 


- 
±10 
-10 
nAdc 
ftAdc 
Gate 1 to Source CutoffVoltage 
(Vqs = 15 Vdc,VQ2S = 4.0 Vdc,Iq = 20 uAdc) 
3N211,213 
3N212 


vG1S(off) 
-0.5 
-0.5 
-5.5 
-4.0 


Vdc 


Gate 2 to Source Cutoff Voltage 
(Vqs = 16 Vdc,Vqis = 0. Id = 20 AiAdc) 
3N211 
3N212.213 


vG2S(off) 
-0.2 
-0.2 
-2.5 
-4.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(3) 
(VQS " 16Vdc. VQ1S " 0. VG2S 


SMALL-SIGNAL CHARACTERISTICS 


4.0 Vdc) 


Forward Transfer Admittance^) 
(Vqs = 15Vdc,VQ2S » 4.0Vdc,Vqis = 0, f 
1.0 kHz) 
3N211,212 
3N213 


'DSS 
6.0 


IVfsl 


40 


40 
35 


mAdc 


mmhos 


Reverse Transfer Capacitance 
(VpS ° IS Vdc, VQ2S " 4.0 Vdc. Iq =10 mAdc, f = 1.0 MHz) 
0.005 
0.05 
PF 


FUnWTIONAL CHARACTERISTICS 


Noise Rgure 
(Vdd = 18 Vdc.Vqq = 7.0 Vdc.f = 200 MHz) 
3N211 
(Vdd = 24 Vdc. Vqg - 60 Vdc, f = 45 MHz) 
3N211.13 


NF 


- 
3.5 
4.0 


dB 
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3N211, 3N212, 3N213 


ELECTRICALCHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 


Common Source Power Gain 
(VDd = 18Vdc.Vqg = 7.0 Vdc,f = 200 MHz) 
3N211 
(Vdd = 24Vdc,Vqg = 6.0 Vdc,f = 45 MHz) 
3N211 
(VDD = 24 Vdc.Vqg = 6.0Vdc.f = 45 MHz) 
3N213 
(Vdd = 18 Vdc.fLO = 245 MHz, fRF =• 200 MHz) 
3N212 


Gp8 


Gc(6) 


24 
29 
27 


21 


35 
37 
35 
28 


dB 


Bandwidth 
(Vdd = 18vdc Vgg = 7.ovdc. f = 200mhz) 
3N211 
(Vdd = 18Vdc, fLO = 245 MHz, fRF = 200MHz) 
3N212 
(VDD = 24Vdc, Vqg = 6.0Vdc,f = 45 MHz) 
3N211.213 


BW 
5.0 
4.0 
3.5 


12 
7.0 
6.0 


MHz 


Gain Control Gate-Supply Voltage(S) 
(Vdd = 18Vdc. AGp8 = -30 dB. f = 200 MHz) 
3N211 
(Vdd "= 24Vdc.AGOT = -30 dB,f = 45 MHz) 
2N211.213 


VQG(GC) 


- 
-2.0 
±1.0 


Vdc 


(1) Measured after five seconds of applied voltage. 
(2) All gate breakdown voltages are measuredwhile the device is conducting ratedgatecurrent. Thisensuresthat the gate-voltage limiting 
network is functioning properly. 
(3) Pulse Test: Pulse Width = 300 us, Duty Cycle * 2.0%.. 
(4) Thisparametermust be measuredwithbiasvoltagesapplied forlessthan 5 secondsto avoidoverheating. Thesignalis appliedto gate 
1 with gate 2 at 8Cground. 
(6) AGpS isdefined asthechange in Gps from thevalue atVqg = 7.0 Volts (3N211) and Vqg = 6.0 Volts (3N213). 
(6)PowerGainConversion.Amplitude at input from localoscillatoris adjusted for maximumGc. 
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BS107,A 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to MFE9200 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
VDS 
200 
Vdc 


Gate-Source Voltage 
vgs 
±20 
Vdc 


Drain Current 
Continuous(l) 
Pulsed(2) 
"D 
>DM 


250 
500 
mAdc 


Total Device Dissipation@ Tc = 25°C 
Derate above 25'C 
pd 
0.6 
Watts 


Operating and Storage Junction 
Temperature Range 
Tj. Tajtg 
-55 to 150 
•C 


(1)The Power Dissipation of the package may result in a lower continuous drain 
current 
(2) Pulse Width «s300 us. Duty Cycle « 2.0%. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(vDs = 130 v, vGs = o) 
•dss 
- 
- 
30 
nAdc 


Drain-Source Breakdown Voltage 
(Vqs = o, id = io ftA) 
V(BR)DSX 
200 
— 
— 
Vdc 


Gate Reverse Current 
(vGs = is Vdc, vDs = o) 
•gss 
— 
0.01 
10 
nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage 
do = i.o mA. Vds = vgs) 
VGS(Th) 
1.0 
- 
3.0 
Vdc 


Static Drain-Source On Resistance 
BS107 
(Vqs = 2.6 V, lD = 20 mA) 
(Vqs = 10 V, lD = 200 mA) 
BS107A 
(Vqs = 10 Vdc) 
(ID = 100 mA) 
(ID = 250 mA) 


TJS(or.) 


- 


4.5 
4.8 


28 
14 


6.0 
6.4 


Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vds - 25 V. Vqs = 0, f = 1.0 MHz) 
Ciss 
- 
72 
90 
PF 


Reverse Transfer Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 
Crss 
— 
2.8 
3.5 
pF 


Output Capacitance 
(vDs = 25 v. vqs = o. f = 1.0 mhz) 
Cqss 
— 
15 
20 
PF 


Forward Transconductance 
(Vds ° 25 V, lD = 250 mA) 
Sfs 
200 
400 
— 
mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 
ton 


— 
6.0 
IS 
ns 


Turn-Off Time 
toff 
- 
12 
15 
ns 
•Pulse Test: Pulse Width * 300 us. Duty Cycle < 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


6-98 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
60 
Vdc 


Gate-Source Voltage 
vqs 
±20 
Vdc 


Drain Currentd) 
>d 
0.5 
Adc 
Total Device Dissipation @ Tc ° 25°C 
pd 
0.83 
Watt 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
X 


(1)The Power Dissipation of the package may result in a lower continuous drain 
current. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


BS170 


CASE 29-02, STYLE 30 
TO-92 (TO-226AA) 


TMOS FET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to 2N66S9 for graphs. 


Min 
Typ 
Max 
Unit 


Gate Reverse Current 
(vGs = i5V. vDs = 0) 
'GSS 
— 
0.01 
10 
nAdc 


Drain-Source Breakdown Voltage 
(Vgs = 0.ID= 100 ftA) 
V(BR)DSS 
60 
90 
— 
Vdc 


ON CHARACTERISTICS,*) 


Gate Threshold Voltage 
(Vds a Vgs. 'd = 10 mA) 
VGS(Th) 
0.8 
2.0 
3.0 
Vdc 


Static Drain-Source On Resistance 
(Vqs = 10 V. Id = 200 mA) 
'DSIon) 
— 
1.8 
5.0 
Ohms 


Drain Cutoff Current 
(Vds - 25 V. Vqs = 0 V) 
'D(off) 
— 
— 
0.5 
ttA 


Forward Transconductance 
(vDs = 10 v, Id = 250 mA) 
9fs 
— 
200 
— 
mmhos 


SMALL-SIGNAL CHARACTERiSTICS 


Input Capacitance 
(Vds = 10 v, Vqs = 0, f = 1.0 mhz) 
Cjss 
— 
60 
— 
PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(ID ° 0.2 A) See Figure 1 
•on 
— 
4.0 
10 
ns 


Turn-Off Time 
(ID = 0.2 A) See Figure 1 
toff 
— 
4.0 
10 
ns 


(2) Pulse Test: Pulse Width <s300 us, Duty Cycle «s 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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BS170 


RESISTIVE SWITCHING 


RGURE 1 — SWITCHING TEST CIRCUIT 
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RGURE 2 — SWITCHING WAVEFORMS 
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RGURE3 — VGS{th) NORMALIZED versus TEMPERATURE 
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RGURE 4 — ON-REGION CHARACTERISTICS 
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FIGURE 5 — OUTPUT CHARACTERISTICS 
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RGURE 6 
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. CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Gate Voltage 
vdg 
-25 
Vdc 


Gate-Source Voltage 
vgs 
-25 
Vdc 


Gate Current 
>g 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Junction Temperature Range 
Tj 
135 
•c 


Storage Channel Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICALCHARACTERISTICS (Ta ° 25'C unless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


J107, J108 
J109,J110 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
GENERAL-PURPOSE 
TRANSISTOR 


N-CHANNEL — DEPLETION 


Min 
Typ 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Vds = 0, Iq = -10 ftAdc) 
V(BR)GSS 
-25 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs = -15 Vdc,Vds = o) 
(Vqs = -15 Vdc. Vds = 0, Ta = 100"C) 


IQSS 


- 
- 
-3.0 
-200 


nAdc 


Gate Source Cutoff Voltage 
(Vds = 15 Vdc.Id = 10 nAdc) 
J107 
J108 
J109 
J110 


VGS(off) 
-0.5 
-3.0 
-2.0 
-0.5 


- 


-4.5 
-10 
-6.0 
-4.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain CurrentO) 
(vDs = is. Vqs = o) 
J107 
J108 


'DSS 
100 
80 


- 
- 


mAdc 


J109 
40 
— 
— 
J110 
10 
— 
— 


Drain-Source On-Resistance 
(vDs < o.iv. vGs = ov) 
J107 
J108 


rDS(on) 


- 
- 
8.0 
8.0 


ohms 


J109 
— 
— 
12 
J110 
— 
— 
18 


SMALL-SIGNAL CHARACTERISTICS 
| Drain Gate +Source Gate On-Capacitance 
(Vds = o vdc, Vqs = o, f = i.o MHz) 
Cdg(on) 


+ 
csn(on) 


— 
— 
85 
PF 


Drain Gate Off-Capacitance 
| 
(VDS " 0Vdc, Vqs = -10 V, f = 1.0 MHz) 
Cdg(off) 
— 
— 
15 
PF 


Source Gate Off-Capacitance 
(vDs = o vdc, vqs = -10 v, f = 1.0 mhz) 
csg(off) 
— 
— 
15 
pF 


(1) Pulse Duration 300 us. Duty Cycle < 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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J107, J108, J109, J110 
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RGURE 1 — COMMON SOURCE INPUT 
CAPACITANCE versus GATE-SOURCE VOLTAGE 
RGURE 2 — COMMON SOURCE REVERSE FEEDBACK 
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RGURE 3 — ON-RESISTANCE versus GATE-SOURCE 
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RGURE 5 — OUTPUT CHARACTERISTIC 
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§20 
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FIGURE 4 — OUTPUT CHARACTERISTIC 
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RGURE 6 — OUTPUT CHARACTERISTIC 
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SMALL-SIGNAL DEVICES 


J107.J108.J109.J110 


SMALL-SIGNAL DEVICES 


RGURE 7 — OUTPUT CHARACTERISTIC 
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18 
20 


MOTOROLA SEMICONDUCTORS 


Jill 
J112 
J113 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Gate Voltage 
VDG 
-35 
Vdc 


Gate-Source Voltage 
vgs 
-35 
Vdc 


Gate Current 
ig 
50 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
625 
5.68 
mW 
mW/'C 


Lead Temperature 
tl 
300 
•c 


Operating and Storage Junction 
Temperature Range 
TJ' Tstg 
-55 to +150 
•C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
Min 
| 
Max 
| 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 ftA) 
V(BR)GSS 
35 
— 
Vdc 


Gate Reverse Current 
(Vqs= -15 V) 
•gss 
— 
-1.0 
nA 


Gate Source Cutoff Voltage 
(VDS = 5.0 V, lD = 1.0 ftA) 
Jill 
J112 
J113 


VGS(off) 
-3.0 
-1.0 
-0.5 


-10 
-5.0 
-3.0 


V 


Drain-Cutoff Current 
(vDs = 5.0 v. vGs - -iov) 
'D(off) 
— 
1.0 
nA 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vds = 15 V) 
J111 
J112 
J113 


'DSS 
20 
5.0 
2.0 


- 


mA 


Static Drain-Source On Resistance 
(Vds = 0.1 V) 
Jill 
J112 
J113 


'DS(on) 


- 
33 
50 
100 


Ohms 


Drain Gate and Source Gate On-Capacitance 
(vDs = vqs = o. f = 10 mhz) 
cdg(on) 


+ 
Csq(on) 


— 
28 
PF 


Drain Gate Off-Capacitance 
(Vqs = -10V,f = 1.0 MHz) 
Cdg(off) 
— 
5.0 
PF 


Source Gate Off-Capacitance 
(Vqs = -10V,f = 1.0 MHz) 
csg(off) 
— 
5.0 
pF 


•Pulse Width = 300 usee. Duty Cycle = 3.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


6-104 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Gate Current 
ig 
50 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/'C 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


J174 
J175 
J176 
J177 


CASE 29-02, STYLE 7 
TO-92 (TO-226AA) 


JFET 
CHOPPER TRANSISTOR 


P-CHANNEL — DEPLETION 


Refer to MPF970 for graphs. 


Symbol 
MIn 
Max 
UnH 


Gate-Source Breakdown Voltage 
V(BR)GSS 
30 
— 
Vdc 
«G - 1.0 ftA) 


Gate Reverse Current 
IQSS 


— 
1.0 
nA 
(Vgs = 20 Volts) 


Gate Source Cutoff Voltage 
VGS(off) 
Vdc 
(Vds = -15 V. Id = -10nA) 
J174 
5.0 
10 
J175 
3.0 
6.0 
J176 
1.0 
4.0 
J177 
0.8 
2.5 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
loss* 
mA 
(VDS = -15 V) 
J174 
-2.0 
-100 
J175 
-7.0 
-60 
J176 
-2.0 
-25 
J177 
-1.5 
-20 


Static Drain-Source On Resistance 
'DS(on) 
n 
(Vqs * -0.1 Volt) 
J174 
— 
85 
J175 
— 
125 
J176 
— 
250 
J177 
— 
300 


•Pulse Width = 300 us, Duty Cycle « 3.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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J201 
J202 
J203 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
LOW FREQUENCY/LOW NOISE 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
40 
Vdc 


Drain-Gate Voltage 
vdg 
40 
Vdc 


Gate-Source Voltage 
vgs 
40 
Vdc 


Gate Current 
>g 
50 
mA 


Total Device Dissipation @ Ta - 25'C 
Derate above 25°C 
PD 
310 
2.82 
mW 
mW/'C 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unft 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG= -1.0 iiA) 
V(BR)GSS 
-40 
— 
Vdc 


Gate Reverse Current 
(Vqs= -20 V) 
•gss 
— 
-100 
PA 


Gate Source Cutoff Voltage 
(VDs = 20 V, Id = 10 nA) 
J201 
J202 
J203 


vGS(off) 
-0.3 
-0.8 
-2.0 


-1.5 
-4.0 
-10.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
"DSS* 
mA 
(VDS = 20 V) 
J201 
0.2 
1.0 
J202 
0.9 
4.5 
J203 
4.0 
20.0 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
lYfsl* 
umhos 
(Vds = 20V,f = 1.0 kHz) 
J201 
500 
— 
J202 
1000 
— 
J203 
1500 
— 


'Pulse Width «> 2.0 msec. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 
Gate-Source Vottage 
vqs 
30 
Vdc 


Gate Current 
ig 
50 
mA 
Total Device Dissipation @ Ta - 25°C 
Derate above 25'C 
pd 
360 
3.27 
mW 
mW/'C 
Storage Temperature Range 
Tsta 
-65 to +150 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


J270 
J271 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
CHOPPER TRANSISTOR 


P-CHANNEL — DEPLETION 


Refer to MPF970 for graphs. 


Symbol 
Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
(lG = 1.0 ftA) 
V(BR)GSS 
30 
- 
Vdc 


Gate Reverse Current 
(Vqs = 20 Volts) 
igss 
— 
200 
PA 


Gate Source Cutoff Voltage 
(Vds = -15 V, Id = -1.0 nA) 
J270 
J271 


VGS(off) 
0.5 
1.5 
2.0 
4.5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = -15 V) 
J270 
J271 


'DSS* 
-2.0 
-6.0 
-15 
-50 


mA 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(VDS = -15V,f = 1.0 kHz) 
J270 
J271 


IVfsl 
6000 
8000 
15000 
18000 


umhos 


Output Admittance 
(VDS = -15V,f = 1.0 kHz) 
J270 
J271 


Ivosl 


- 
200 
500 


umhos 


Input Capacitance 
(Vos = -15V,f = 1.0 MHz) 
ciss 
— 
32 
PF 


Reverse Transfer Capacitance 
(Vds = -15V,f = 1.0 MHz) 
Crss 
— 
8.0 
pF 


•Pulse Width «s 2.0 ms. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


6-107 


J300 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY AMPUFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Gate Voltage 
vdg 
-25 
Vdc 


Gate Current 
>g 
10 
mA 


Total Device Dissipation @ Ta = 25'C 
Derate above 25°C 
pd 
350 
3.5 
mW 
mW/'C 


Lead Temperature 
(1/16* from Case for 10 Seconds) 
tl 
300 
•c 


Junction Temperature Range 
tj 
-55 to +150 
•c 


Storage Temperature Range 
Tsta 
-55 to +150 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq= -1.0/jA.Vds = 0) 
V(BR)GSS 
-25 
— 
Vdc 


Gate Reverse Current 
(VGS= -15V.VOS = 0) 
*GSS 
— 
500 
PA 


Gate Source Cutoff Voltage 
(Vds = iov, id = 1.0 mA) 
VGS(off) 
-1.0 
-6.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDs= 10V,Vqs = 0) 
loss 
6.0 
30 
mA 


Gate-Source Forward Voltage 
(Vds = 0, Iq = 10 mA) 
VGS(f) 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V. Id = 5.0 mA f = 10 kHz) 
lYfsl 
4500 
9000 
umhos 


Output Admittance 
(Vds ° 10 V, Id = S.0 mA f = 1.0 kHz) 
IVosI 
— 
200 
umhos 


Input Capacitance 
(Vds "= 10 V, Id = 6.0 mA, f = 1.0 MHz) 
Ciss 
— 
5.5 
PF 


Reverse Transfer Capacitance 
(Vds ° 10 V, Id = 5.0 mA, f = 1.0 MHz) 
Crss 
— 
1.7 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


6-108 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Gate Voltage 
vdg 
-30 
Vdc 


Gate-Source Voltage 
vgs 
-30 
Vdc 


Gate Current 
ig 
10 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
pd 
350 
3.5 
mW 
mW/'C 


Lead Temperature 
(1/16* from Case for 10 Seconds) 
tl 
300 
°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta ° 25'C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


J304 
J305 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


Min 
Max 
Unft 


Gate-Source Breakdown Voltage 
(Iq o 1.0uA,VDS = 0) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
<Vqs= -20V.Vds = 0) 
'GSS 
— 
100 
PA 


Gate Source Cutoff Voltage 
(Vds = 15 V, Id = 1.0 nA) 
J304 
J305 


VGS(off) 
-2.0 
-0.5 
-6.0 
-3.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 15 V. Vqs = 0) 
J304 
J305 


'DSS 
5.0 
1.0 
15 
8.0 


mA 


SMALL-SIGNAL CHARACTERISTICS 


Output Admittance 
(vDs = is v. vqs = o, f = 1.0 kHz) 
IVosI 
— 
50 
umhos 


Forward Transconductance 
(Vds = 15 V, Vqs = O,f = 1.0 kHz) 
J304 
J305 


Re(yf8) 
4500 
3000 
7500 
umhos 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


6-109 


J308 
J309 
J310 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
25 
Vdc 


Gate-Source Voltage 
vgs 
25 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


Total Device Dissipation @ Ta - 25*C 
Derate above 25'C 
PD 
350 
3.5 
mW 
mW/'C 


Junction Temperature Range 
Tj 
-55 to +125 
°C 


Storage Temperature Range 
Tsta 
-55 to +150 
•c 


Refer to U308 for graphs. 
ELECTRICAL CHARACTERISTICS(Ta " 25'C unless otherwise noted.) 
Characteristic 
| 
Symbol 
| 
MIn 
| 
Typ 
| 
Max 
| 
Unit 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = -1.0 ftA,vDs = 0) 
V(BR)GSS 
-25 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs - -15 V. VDS = 0. Ta = 25'C) 
(Vqs - -15 V. vDs = o,ta = +i25»c) 


'GSS 


- 
- 
-1.0 
-1.0 
nA 
«A 


Gate Source Cutoff Voltage 
(Vds = 10 V, Id = 1.0 nA) 
J308 
J309 
J310 


VGS(off) 
-1.0 
-1.0 
-2.0 


- 
-6.5 
-4.0 
-6.5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current!1) 
(Vds = 10 V, Vqs = 0> 
J308 
J309 
J310 


'DSS 
12 
12 
24 


- 


60 
30 
60 


mA 


Gate-Source Forward Voltage 
(Vds » 0, Iq = 1.0 mA) 
vGS(f) 
— 
— 
1.0 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Common-Source Input Conductance 
(Vds = 10 V, Id =• 10 mA f = 100 MHz) 
J308 
J309 
J310 


Re(yis) 


- 
0.7 
0.7 
0.5 


- 


mmhos 


Common-Source Output Conductance 
(VDS = 10 V, Id = 10 mA, f = 100 MHz) 
Re(y0s) 
— 
0.25 
— 
mmhos 


Common-Gate Power Gain 
(Vds = 10 V, Id = 10 mA, f = 100 MHz) 
Gpg 
— 
16 
— 
dB 


Common-Source Forward Transconductance 
(Vds = 10 V, Iq = 10 mA, f = 100 MHz) 
Re(yf8) 
— 
12 
— 
mmhos 


Common-Gate Input Conductance 
(Vds = 10 V, Id = 10 mA f = 100 MHz) 
Re(yig) 
— 
12 
— 
mmhos 


Common-Gate Forward Transconductance 
(Vds = 10 V, Id = 10 mA, f = I.OkHz) 
J308 
J309 
J310 


9fs 
8000 
10000 
8000 


- 


20000 
20000 
18000 


umhos 


Common-Gate Output Conductance 
(Vds = 10 V. Id = 10 mA, f = 1.0 kHz) 
J3C8 
J309 
J310 


Oos 


- 
- 


200 
150 
200 


umhos 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


6-110 


J308, J309, J310 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 
Common-Gate Forward Transconductance 
(Vos = 10 V, Id = 10 mA f = 1.0 kHz) 
J308 
J309 
J310 


9fg 


- 
13000 
13000 
12000 


- 
umhos 


Common-Gate Output Conductance 
(Vds = 10 V. ID = 10 mA, f = 1.0 kHz) 
J308 
J309 
J310 


9og 


- 
150 
100 
150 


- 


umhos 


Gate-Drain Capacitance 
(Vos = 0, vqs = -10 v, f = 1.0 mhz) 
Cgd 
— 
1.8 
2.5 
pF 


Gate-Source Capacitance 
(Vds = 0. Vqs = -10 v, f = 1.0 mhz) 
Cgs 
— 
4.3 
5.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 10 V, lD = 10 mA, f = 450 MHz) 
NF 
- 
1.5 
- 
dB 


Equivalent Short-Circuit Input Noise Voltage 
(Vds = 10 V, Id = 10 mA, f = 100 Hz) 
en 
— 
10 
— 
nV/VHz 


(1)Pulse Test: Pulse Width « 300 fts. Duty Cycle * 3.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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JF1033B 
JF1033S 
JF1033Y 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY AMPUFIER 


N-CHANNEL DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
20 
Vdc 


Gate-Source Vottage 
vgs 
25 
Vdc 


Drain Current 
id 
20 
mA 


Forward Gate Current 
"gf 
10 
mA 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tfjtg 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERiSTICS 


Gate-Source Breakdown Voltage 
(lG = -10 uA) 
V(BR)GSS 
-25 
— 
Vdc 


Drain-Source Breakdown Voltage 
(lD = 10 uA) 
V(BR)DGO 
20 
— 
Vdc 


Gate Reverse Current 
(vGs = -lov, vDs = w 
>GSS 
— 
-100 
nA 


Gate Source Cutoff Voltage 
(Vos = 10 v. Id = 10 /*a) 
vGS(off) 
-1.0 
-8.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
•dss 
mA 
(Vds = io v, vqs = o) 
JF1033Y 
2.5 
6.0 
JF1033B 
5.0 
12.0 
JF1033S 
10.0 
20.0 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance 
(Vds = 10 V,Vqs = 0, f = 1.0 kHz) 
Re(yf8) 
4.5 
13.0 
mmhos 


FUNCTIONAL CHARACTERISTICS 


Noise Rgure 
(Vps ° io ^ vgs 
0, f = 100 MHz) 


MOTOROLA SEMICONDUCTORS 
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NF 
2.5 
dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
+ 25 
Vdc 


Drain Current 
id 
30 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tgtg 
-65 to +175 
•c 


MFE120 
MFE121 
MFE122 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE MOSFET 
VHF AMPUFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 2S'C unless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(ID = 100 uAdc, VS = 0, Vqis = -10 V, VG2S - 
+ 4.0 V) 
V(BR)DSX 
25 
— 
— 
Vdc 


Gate 1-Source Breakdown Voltage 
(IGI = ± 10 "Adc, VQ2S = 0) 
V(BR)G1SO 
±7.0 
— 
±20 
Vdc 


Gate 2-Source Breakdown Voltage 
(lG2 = ±10 ,uAdc,VQ2S = °) 
V(BR)G2SO 
±7.0 
— 
±20 
Vdc 


Gate 1 Leakage Current 
(Vqis = +6.o vdc. vG2s = o, vDs = o) 
'G1SS 
— 
— 
20 
nAdc 


Gate 2 Leakage Current 
(VG2S = +6.0 Vdc, VG1S = 0. VDS = 0) 
'G2SS 
— 
— 
20 
nAdc 


Gate 1 to Source Cutoff Voltage 
(Vos = 15 Vdc. VQ2S = 4.0 Vdc, Id = 200 uAdc) 
VGIS(off) 
— 
— 
-4.0 
Vdc 


Gate 2 to Source Cutoff Voltage 
(Vos = 15 Vdc, Vqis = 0, Id = 200 uAdc) 
VG2S(off) 
— 
— 
-4.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDs = 15 Vdc, Vqis = 0, VG2s = 4.0 Vdc) 
MFE120 
MFE121 
MFE122 


>DSS 
2.0 
5.0 
2.0 


7.0 
10 
9.0 


18 
30 
20 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Gate 1 to Drain) 
(Vds = 15 Vdc, VQ2S = 4.0 Vdc, 
ID = 10 mAdc, f = 1.0 kHz) 
MFE120.22 
MFE121 


lYfsl 
8000 
10,000 


- 
18,000 
20,000 


umhos 


Input Capacitance 
(Vds ° 15 Vdc, VQ2S = 4.0 Vdc, 
ID = 'DSS. f = 10 MHz) 


MFE120,22 
MFE121 


Ciss 


- 
4.5 
4.5 
7.0 
6.0 


PF 


Reverse Transfer Capacitance 
(VDS = 15 Vdc, VQ2S = 4.0 Vdc, 
ID = 6.0 mAdc, f = 1.0 MHz) 


Crss 
~— 
0.023 
— 
PF 


Output Capacitance 
(Vds ° 15 Vdc, VQ2S = 4.0 Vdc, 
ID = 'DSS. f = 10 MHz) 
MFE 120,22 
MFE121 


coss 


- 
2.5 
2.5 
4.0 
3.5 


PF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MFE120, MFE121, MFE122 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(VDs = 15 Vdc, VQ2S = 4.0 Vdc, 
ID = 6.0 mAdc, Zs is optimized for NF) 
(f = 105 MHz— Figure 1) 
MFE120 
(f = 60 MHz— Figure 3) 
MFE121 
(f = 200 MHz— Figure 3) 
MFE121 


NF 


- 
2.9 
2.6 
2.6 


5.0 
5.0 
5.0 


dB 
' 


Common Source Power Gain 
(Vds " 15Vdc,VQ2S = 4.0 Vdc, 
ID = 6.0 mAdc, Zs is optimized for NF) 
(f = 105 MHz — Figure 1) 
MFE120 
(f = 60 MHz— Figure 3) 
MFE121 
(f = 200 MHz— Figure 3) 
MFE121 


Gps 


17 
20 
17 


19.6 
27.8 
18.6 


dB 


Level of Unwanted Signal for 1.0% Cross Modulation 
(VDS ° 15 Vdc,VQ2S = 4.0 Vdc, Id = 6.0 mAdc) 


— 
— 
100 
— 
mV 


Common-Source Conversion Power Gain (Gate 1 Injection, Figure 2) 
(VDs = 15 Vdc, VQ2S = 40 Vdc. Local 
Oscillator Voltage = 925 mVrms) 
(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) 
MFE122 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) 
MFE122 


Gc 


15 


12 


16.5 


13.3 


- 


dB 


FROM SOn 
105 MHz 
GENERATOR 
-if- 
CI 
0.8-10 
IL1 3KC2 
0.8-10 
_/C3 
9^ OS- 


'C4 . 
0.8-10 


FIGURE 1 - 
105 MHz TEST CIRCUIT 
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^ 
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1470 


-^ 
C6 
0.8-10 


!L2 
_L 


1000IK 


/470 
*1 


47:; 
1000 | 


3.9 nH 


e-x 


-A™ 
/N 8-6 


t^ 0.8-10 


-«- 


All CapacitanceValuesin pF; All ResistanceValues 
in Ohms. 
Ll: 
6-1/2 Closewound Turns an 1/4" Diameter Form. 
L2: 
5 Ctostwound Turns on 1/4" Diameter Form 
WithTap 1-1/2 Turns from Bottom. 
C1.C2,C3.C4.C5.C6: Johanson Capacitor Type 2951 
or Equivalent 
C7: 
Arco CapacitorType 404 or Equivalent. 
Overall Bandwidth: 1.3 MHz 9-3.0 dB. 


FIGURE 2-60 AND 200 MHz TEST CIRCUIT 


MOTOROLA SEMICONDUCTORS 
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AllCapacitanceValuesin pF: AllResistanceValuesin Ohms. 
I - 60 MHr 
I = 200 MHr 
CI 
Arco Capacitor Type 
Arco Capacitor Type 
462 or Equivalent 
404 or Equivalent 
C2.C3.C4 Johanson Capacitor 
Johanson CapacitorType 
Type2951 or 
2951 or Equivalent 
Equivalent 
12 Clottwound Turns 
4 Turns on 1/4" Diameter 


RFC 
Overall 
Bandwidth 


on 1/4" Diemeter 
Form 
9 Closewound Turns 
on 1/4" Diameter 
Form 
lOttH 
6.0 MHz 9-3.0 dB 


Form. I" Length 


3 Turns on 1/4" Oiameter 
Form.3/4" Length 


1.0 pH 
8.5 MHz t? -3.0 dB 


SMALL-SIGNAL DEVICES 


MFE120, MFE121, MFE122 


FIGURE 3-60 AND200 MHzCONVERSION POWER GAIN 
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AllCapacitance Values inpF;AllResistance Values inOhms. 
C1.C2.C3: Johanson CapacitorType2951 orEquivalent 
SO MHz 
200MHz 
Ll: 14Closewound Turns 
Ll: STurns onr/4"Oiameter 
on1/4"Diameter Form 
Form, 1"Length 
L2: 15Closewound Turns 
L2: 15Closewound Turnson 
on1/4"Diameter Form 
1/4" Diameter Form 


son LOCAL 
OSCILLATOR 
INJECTION 
(244 MHz) H 


270 


COMMON-SOURCE ADMITTANCE PARAMETERS 
(VDS =15 Vdc. VG2S =4.0 Vdc, lD =6.0 mAdc) 


FIGURE 4 - 
INPUT ADMITTANCE 
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FIGURE 6 - 
FORWARD TRANSFER ADMITTANCE 
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FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 7 - 
OUTPUT ADMITTANCE 
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f, FREQUENCY(MHz) 


MOTOROLA SEMICONDUCTORS 


MFE120, MFE121, MFE122 


FIGURE 8 - GAIN REDUCTION 
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FIGURE 9 - CONVERSION POWER GAIN 
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035 
05S 
0-35 
US 
155 
LOCAL OSCILLATOR INJECTION LEVEL ATGATE 1 (Vims) 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
VDS 
25 
Vdc 
Gate-Source Voltage 
vgs 
±7.0 
Vdc 
Drain Current 
id 
30 
mAdc 
Gate Current 
ig 
10 
mAdc 
TotalDevice Dissipation @ Ta. = 25"C 
Derate above 2S°C 
pd 
300 
mW 


Operating and Storage Channel 
Temperature Range 
Tchannel< 
Tsta 
-65 to +175 
°C 


ELECTRICAL CHARACTERISTICS (Ta° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Drain-SourceBreakdown Voltage 
dp = 10//Adc, Vs ° 0, Vgi ° -4.0 Vdc, Vq2 
+4.0 Vdc) 
Gate 1-Source BreakdownVoltage 
«G1 ° ±10/iAdc,VG2S = 0) 
Gate 2-Source Breakdown Voltage 
(|Q2- ±10 /tAdc,Vq2S " "> 
Gate 1 Leakage Current 
(VQIS = ±60 Vdc, VQ2S 
0, Vps = 0) 
Gate 2 Leakage Current 
(VG2S ° ±6.0 Vdc,Vqis 
o, vDs = o) 
Gate 1 to Source CutoffVoltage 
(Vps = 16Vdc, VQ2S = 4.0Vdc. lp 
200 ftAdc) 
Gate 2 to Source CutoffVoltage 
(Vps - 15 Vdc,Vqis = 0. lp 
200 MAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VpS = IS Vdc.VQ2S = 0. VG2S 


SMALL-SIGNAL CHARACTERISTICS 


4.0 Vdc) 


Forward TransferAdmittance(Gate 1 connected to Drain) 
(VpS ° 16Vdc, Vq2S = 4.0 Vdc, lp = 10 mAdc, f ° 1.0kHz) 


Input Capacitance 
(VpS " 15Vdc, VQ2S = 4.0Vdc, lp 
IpSS. f ° 1-0 MHz) 
Reverse Transfer Capacitance 
(VpS " 15Vdc, VG2S " 4.0Vdc, lp = lpSs. = 1.0MHz) 
Output Capacitance 
(VpS = IS Vdc. VG2S = 4.0 Vdc,lp = lDSs. f 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 8) 
(See Test Circuit in Figure 11) 
Common Source Power Gain (Figure 7) 
(See Test Circuit in Figure 11) 


1.0 MHz) 


Level of Unwanted Signal for1.0% Cross Modulation (Figure 10) 
(See Test Circuit in Figure 11) 


SMALL-SIGNAL DEVICES 
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Symbol 


V(BR)DSX 


v(BR)G1SO 


V(BR)G2SO 


>G1SS 


'G2SS 


vG1S(off) 


vG2S(off) 


ipss 


IVfsl 


NF 


3ps 


MFE140 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE 
MOSFET 
FM AMPUFIER 


N-CHANNEL — DEPLETION 


Min 
Typ 
Max 
Unit 


25 
Vdc 


±7.0 
±20 
Vdc 


±7.0 
±20 
Vdc 


20 
nAdc 


20 
nAdc 


-4.0 
Vdc 


-4.0 
Vdc 


3.0 
10 
30 
mAdc 


10 
20 
mmhos 


4.5 
7.0 
PF 


0.023 
0.05 
pF 


2.5 
4.0 
PF 


2.5 
3.5 
dB 


20 
23 
dB 


45 
mV 


MOTOROLA SEMICONDUCTORS 


MFE140 


ELECTRICAL CHARACTERISTICS (continued)(TA ° 2yc »nless otherwise noted.) 


Characteristic 


Common-Source Conversion Power Gain (Gate 1 or Gate 2 Injection, 
Figure 12) 
(See Test Circuit in Figure 13) 
(Signal Frequency = 100 MHz, Local Oscillator Frequency = 110.7 MHz) 


1/2 I.F. Rejection 
(See Test Circuit in Figure 13) 


Symbol 


1/2 IRREJ 


MIn 


15 


COMMON-SOURCE ADMITTANCE PARAMETERS 
(VDs - 15 Vdc,VQ2S" 4.0 Vdc, lp • 6.0 mAdc) 


Typ 
Max 


18.5 


50 


FIGURE 1 - 
INPUT ADMITTANCE 
FIGURE 2 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 3 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 4 - 
OUTPUT ADMITTANCE 
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FORWARD TRANSFER ADMITTANCE 
(Vps- 15Vdc,f= 1.0 kHz) 


FIGURE S - 
GATE 1 
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FIGURE 6 - GATE 2 


VG2S. GATE 2SOURCE V0LTA6E (VOLTS) 
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FIGURE 7 - 
POWER GAIN 
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FIGURE 9 - 
GAIN REDUCTION 
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FIGURE 8 - 
NOISE FIGURE 
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FIGURE 10-CROSS MODULATION 
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FIGURE 11 - 105MHz POWER GAIN AND NOISE FIGURE TESTCIRCUIT 
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,jr f*Z\ RF Output 
ut- so n 


C2 Nominal 4.0 pF ARCO 402 
C3 
Nominal 13.73 pF ARCO 403 
C4 
Nominal 4.36 pF JOHANSON JMC2951 


All Decoupling Capacitor! ara Ceramic Dlici. 


MOTOROLA SEMICONDUCTORS 


MFE140 


OCB 


FIGURE 12 - CONVERSION GAIN 


'gwI 
Injection 
Giti 
Initctk n 


0.5 
1.0 
1.5 
2.0 


Vin(RMS). RMS INJECTION VOLTAGE (VOLTS) 


FIGURE 13-CONVERSION GAIN TESTCIRCUIT 


Local Otcillator Infection 
vin(RMS) * 20 v ««' G2 
« 0.9 V for G1 


f - 
110.7 MHz 


in-son 
(7) 
Jf 
f- 100 MHzV 


L1 
126 nH PAUL SMITH CO. SK-138-1 
4-V4Turnt (yellow) 
L2 2.73 jiH High Unloaded Q 
CI 
JOHANSON JMC29B1 
C4,CB,C6 ARCO 402 


•For Ol Inlectlon, C2 It changed to bypatt 02 to ground end C3 It 
added to connect 01 to the Injection Input. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MFE140 


PRINTED CIRCUIT BOARD LAYOUT INFORMATION 


FIGURE 14 - TEST FIXTURES 


105 MHz POWER GAIN AND NOISE 
FIGURE TESTCIRCUIT 


RF Output 
C4 
0.001 ^F 
270 
PUT 


0.001 (jF 47 
0.001 uF 
100 k 0.001 flF 120 k 
82 k 


SMALL-SIGNAL DEVICES 


100 MHz to 10.7 MHz CONVERSION 
GAIN TESTCIRCUIT 


Local Oscillator Input 
Shown for G2 Injection (2) 


RF Input 


100 k 
120 k 
Ferrite Beads 0.1 uF 
47 
0.001 pF 


15pF 


C4 
DUT 
270 
0.001 uF 
CG 
IF Output 


Notes: 
1. CI is on the bottom side of the board. 
2. For Gl Injection, C2 is changed to bypass 
G2 to ground and C3 is added to connect Gl to 
the injection input. See Figure 13. 
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MFE823 


CASE 22-03, STYLE 11 
TO-18 (TO-206AA) 


MOSFET 


P-CHANNEL — ENHANCEMENT 


Refer to 2N4352 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta =• 25°C unless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
±10 
Vdc 


Drain Current 
id 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
300 
1.71 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +175 
°c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
R&IA 
584 
T/W 


Thermal Resistance, Junction to Case 
R&JC 
250 
'CAN 


Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(lD = -10 ftAdc, Vqs = 0 Vdc) 
V(BR)DSX 
-25 
— 
Vdc 


Zero-Gale-Voltage Drain Current 
(Vds = -10 vdc, vqs = o» 
loss 
— 
-20 
nAdc 


Gate Reverse Current 
(Vqs = -10 vdc, Vqs = 0) 
>GSS 
— 
1.0 
pAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(VDs = -10 Vdc, Id = -10 ftAdc) 
VGS(Th) 
-2.0 
-6.0 
Vdc 


On-State Drain Current 
(Vds = -10 Vdc.Vqs = -10 Vdc) 
>D(on) 
-3.0 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VPS ° -10 VdCID = -20mAdc,f = 1.0kHz) 
IVfs 
1000 
ixmhos 


Input Capacitance 
(VpS " -10Vdc.VGS 
-10 Vdc, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(VpS = -10 Vdc,Vqs " -10 Vdc. f 
1.0 MHz) 


MOTOROLA SEMICONDUCTORS 
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6.0 
pF 


1.5 
PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
VDS 
20 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Drain Current 
id 
25 
mA 


Total Device Dissipation @ Ta = 25"C 
Derate above 25°C 
pd 
200 
1.6 
mW 
mW/°C 


Junction Temperature Range 
Tj 
160 
"C 


Operating and Storage Junction 
Temperature Range 
Tj. Tfjtg 
-65 to +150 
•c 


MFE825 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 


MOSFET 


N-CHANNEL — DEPLETION 


Refer to 2N3796 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
«D = 1.0 ^iA,VGS = -8.0 V) 
V(BR)DSX 
20 
— 
Vdc 


Gate Reverse Current 
(vGs= -iov, vDs »ov» 
>GSS 
— 
-1.0 
PA 


Gate Source Voltage 
Ud = lo nA, vDs = 2.ov) 
vgs 
0 
-2.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDS = 10V,VGS = 0) 
'dss 
1.0 
25 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V, Vqs = 0, f = 1.0 kHz) 
lYfsl 
500 
— 
itrnhos 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MFE910 
MPF910 


MFE910 
CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


MPE910 
CASE 29-03, STYLE 22 
(TO-226AE) 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
60 
Vdc 


Gate-Source Voltage 
vgs 
±15 
Vdc 


Drain Current — Continuousd) 
Pulsed(2) 
•d 
'dm 


0.5 
1.0 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
MPF910 
pd 
1.0 
8.0 
Watts 
mW/°C 


Total Device Dissipation @ Tq = 25°C 
Derate above 25"C 
MFE910 
pd 
6.25 
50 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


drain 


Refer to 2N6659 for additional graphs. 


(1)The Power Dissipation of the package may result in a lower continuous 
current 
(2) Pulse Width <s300 its. Duty Cycle =s2.0%. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(vDs = 40 v. vGs = o) 
'DSS 
— 
0.1 
10 
ftAdc 


Gate Reverse Current 
(Vgs - 10 v, vDs = o) 
•gss 
— 
0.01 
10 
nAdc 


Drain-Source Breakdown Voltage 
(Vqs - 0. Id = 100 ftA) 
V(BR)DSS 
60 
90 
— 
Vdc 


ON CHARACTERiSTICS 


Gate Threshold Voltage 
(Vds = vgs. 'd = 10 mA) 
VGS(th) 
0.3 
1.5 
2.5 
Vdc 


Drain-Source On-Voltage 
(Vqs = 10 V, Id = 500 mA) 
VDS(on) 
—' 
— 
2.5 
Vdc 


On-State Drain Current 
(Vds = 25 v, Vqs = 10 v) 
'Dion) 
500 
— 
— 
mA 


Forward Transconductance 
(Vds = 15 V, Id = 500 mA) 
8fs 
100 
— 
— 
mmhos 


FIGURE 1—VQstth) NORMAUZED versusTEMPERATURE 


j? 0.4 


08 


V|)S = vgs 
tD= 1.OmA 


2.0 


§ 12 
oc 
ce 
s 


z 
3 
OS 


§50.4 


-50 
0 
50 
100 
Tj,JUNCTION TEMPERATURE 
150 PC) 
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RGURE 2 — ON-REGION CHARACTERISTICS 


= 
10V 
VQS 


"9.0 V" 


^OV' 


-7.0V 


6.0 V 


~5.0V 


4.0 V 


1.0 
2.0 
3.0 
Vos.OftAIN-TO-SOURCE VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


MFE910, MPF910 


FIGURE 3 — OUTPUT CHARACTERISTICS 


2.0 


S 
1-6 


uj \2 


cc 


U 
z 
3 
0L8 


g 
5 0.4 


V6S = 10V 


_90 V. 


8.0 V 


7.0 V 


6.0 V 


. 4.0 V. 


10 
20 
30 
Vos.DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


RGURE 4 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


100 


60 


« 
60 


| 
40 


cj 


20 
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I | 
vqs = ov 
{\ 
V 
V 
N ^ 
— 
^mm 


L_ 
S 
is 
^tss " 
I 
^ 
Coss 


^ 
Crss 


10 
20 
30 
40 
50 
60 
Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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MFE930 
MFE960 
MFE990 


CASE 79-02, STYLE 6 
TO-39 (TO-205AD) 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
MFE930 
MFES60 
MFE990 
Unft 


Drain-Source Voltage 
vds 
35 
60 
90 
Vdc 


Drain-Gate Voltage 
vdg 
35 
60 
90 
Vdc 


Gate-Source Voltage 
vqs 
±30 
Vdc 


Drain Current 
Continuous!1) 
Pulsed(2) 
id 
'dm 


2.0 
3.0 


Adc 


Total Device Dissipation 
@ TC = 25°C 
Derate above 25°C 


pd 
6.25 
50 
Watts 
mwrc 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-55 to 150 
°C 


(1)The Power Dissipation of the package may result in a lower continuous drain 


current. 
(2) Pulse Width * 300 fts. Duty Cycle <s2.0%. 


ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs = o. Id = io acA) 
MFE930 
MFE960 
MFE930 


V(BR)DSX 
35 
60 
90 


- 


- 


Vdc 


Gate Reverse Current 
(Vqs = 15 vdc, vDs = o) 
igss 
— 
— 
50 
nAdc 


ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current 
(Vds = Maximum Rating, Vqs = 0) 
'DSS 
— 
— 
10 
tiAdc 


Gate Threshold Voltage 
(vDs = Vgs- 'd = i.omA) 
VGS(Th) 
1.0 
— 
3.5 
Vdc 


Drain-Source On-Vottage (Vqs = 10 V) 
(lD= 0.5 A) 
MFE930 
MFE960 
MFE990 


(ID = 1.0A) 
MFE930 
MFE960 
MFE990 


(ID = 2.0 A) 
MFE930 
MFES60 
MFE990 


VDS(on) 


- 


0.4 
0.6 
0.6 


0.9 
1.2 
1.2 


2.2 
2.8 
2.8 


0.7 
0.8 
1.0 


1.4 
1.7 
2.0 


3.0 
3.5 
4.0 


Vdc 


Static Drain-Source On Resistance 
(VGS = 10Vdc,Id = 10 Adc) 
MFE930 
MFE960 
MFE990 


'DS(on) 


- 


0.9 
1.2 
1.2 


1.4 
1.7 
2.0 


Ohms 


On-State Drain Current 
(vDs = 25 v, vGs = 10 v) 
'D(on) 
1.0 
2.0 
— 
Amps 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vds = 25 V,Vqs = 0, f = 1.0 MHz) 
Cjss 
— 
60 
70 
pF 


Reverse Transfer Capacitance 
(vDS = 25 v, vqs = 0, f = 1.0 mhz) 
Crss 
— 
13 
18 
pF 


Output Capacitance 
(V0S = 25 V,Vqs = 0, f = 1.0 MHz) 
C0S8 
— 
49 
60 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MFE930, MFE960, MFE990 


ELECTRICAL CHARACTERISTICS (continued) (Ta •= 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Forward Transconductance 
(VDs = 25 V, lD = 0.5 A) 
9fs 
200 
380 
- 
mmhos 


SWITCHING CHARACTERISTICS* 


Turn-On Time (See Figure 1) 
•on 


— 
7.0 
15 
ns 
Turn-Off Time (See Figure 1) 
«off 
—' 
7.0 
15 
ns 
•Pulse Test: Pulse Width =s300 ms, Duty Cycle «s2.0%. 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT 


+ 26 V 


FIGURE 2 — SWITCHING WAVEFORMS 


23 
To Sampling Scope 
SO ITInput 
♦'on* 
l-toff* 


Pulse Generator 
>40pF 


20 dB 
Son Attenuatort-pT" 
JTS il—i t *T 


£5.0 
|« 
| 1.0 


1 a8 


S§ 0.2 


0.1 


FIGURE3 — ON VOLTAGE versus TEMPERATURE. 


-vG 50 11v 


-55 
-35 
-15 
+5.0 
25 
45 
65 
65 
105 
125 
145 


Tj, JUNCTION TEMPERATURE l°C| 


2.4 


2.1 


1.8 


0.9 


0.6 


FIGURE 6 — TRANSFER CHARACTERISTIC 


Vqs = 10V 
/ 


J 


0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10 


VGS, GATE-SOURCE VOLTAGE (VOLTS) 
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2.8 


2.4 


2.0 


1.6 


0.8 


Output Vout. 
Inverted T~ 
/ 
90%Jj- 
l0,V /s0% 
50%V 
/l« 
Pul«e Width ——»A 
-Ls'lO'S. 
l\ 
Input Vjn. 


FIGURE 4 — CAPACITANCE VARIATION 


v ss = DV 
\ 
C0„ 
\A 
^ 
Ci,. 
I" 


*~^*^ 


C«i 


—T— 
5.0 
10 
20 
30 
40 


Vqs, DRAIN-SOURCE VOLTAGE (VOLTSI 


FIGURE 6 — OUTPUT CHARACTERISTIC 
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MFE930, MFE960, MFE990 


MOTOROLA SEMICONDUCTORS 


FIGURE 7 — SATURATION CHARACTERISTIC 


0.6 
1.0 
U 
3.0 
4.0 


Vqs.DRAIN-SOURCE VOLTAGE (VOLTS) 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
25 
Vdc 
Drain-Gate Voltage 
Vdg 
25 
Vdc 
Gate-Source Voltage 
vgs 
-25 
Vdc 


Drain Current 
id 
30 
mAdc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tfjtg 
-65 to +175 
X 


MFE2000 
MFE2001 


CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 
I 
Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -I.OAtAdcVos = 0) 
V(BR)GSS 
-25 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs= -20 Vdc, vDs = 0) 
(Vqs = -20 Vdc VDS =• 0, TA = 150'C) 


>GSS 


- 
- 
-100 
-200 
pAdc 
nAdc 


Gate Source Cutoff Voltage 
(ID= 0.5 mAdc, Vds = 15 Vdc) 
MFE2000 
MFE2001 


VGS(off) 
-0.5 
-2.0 


- 
-4.0 
-6.0 


Vdc 


ON CHARACTERISTICS 


Zerc-Gate-Voltage Drain Current 
(VDS = 15 Vdc, VGS = 0) 
MFE2000 
MFE2001 


'DSS 
4.0 
8.0 


- 
10 
20 


mAdc 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
MFE2000 
MFE2001 


lYfsl 
2500 
4000 


- 
6000 
8000 


/imhos 


Output Admittance 
(VDs = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
MFE2000 
MFE2001 


IVosI 


- 
- 
50 
76 


Mmhos 


Input Capacitance 
(VDS = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Ciss 
— 
— 
5.0 
pF 


Reverse Transfer Capacitance 
(VDS = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
crss 
— 
— 
1.0 
PF 


Output Capacitance 
(VDS = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
C0ss 
— 
— 
2.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc, lD = 4.0 mAdc, f = 100 MHz, Rq - 
(Vds = 15 Vdc. Id = 4.0 mAdc, f = 400 MHz, Rq ~ 
1.0 kohm) 
1.0 kohm) 


NF 


- 
1.6 
3.3 
2.0 
4.0 


dB 


Common Source Power Gain 
(Vds = 15 Vdc, Id = 4.0 mAdc, f = 100 MHz) 
(VDs = 15 Vdc, Id = 4.0 mAdc, f = 400 MHz) 


Gps 
18 
10 
23 
14 


- 


dB 


SMALL-SIGNAL DEVICES 
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MFE2004 
MFE2005 
MFE2006 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


Refer to 2N4091 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


Total Device Dissipation @ Tq = 25CC 
Derate above 25°C 
pd 
1.8 
10 
Watts 
mW/°C 


Junction Temperature Range 
tj 
-65 to +175 
•c 


Storage Temperature Range 
Tsta 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Vottage 
(lG = 1.0ptAdc,Vps = 0) 


Gate Reverse Current 
(Vqs = 20Vdc.Vds = 0) 
(VGS = 20 Vdc,VpS - 0. TA 
150°C) 


Drain Cutoff Current 
(Vds = 20 Vdc, Vqs = 12Vdc) 
(VpS = 20 Vdc,Vqs ° 12 Vdc.TA 


Gate Source Voltage 
(Vds = 20Vdc,Id = 50 ftAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vds = 20 Vdc,Vqs = 0) 


Gate-Source Forward Voltage 
(Iq = 1.0 mAdc, Vps = 0) 


Drain-Source On-Voltage 
(lD= 3.0 mAdc,Vqs = 0) 
(lD = 6.0 mAdc, Vqs = 0) 
(lp = 10 mAdc, Vqs " 0) 


Static Drain-Source On Resistance 
(lD = 1.0 mAdc,Vqs = 0) 


SMALL-SIGNAL CHARACTERiSTICS 


Static Drain-Source "ON" Resistance 
(Vqs = 0. lp = 0,f = 1.0 kHz) 


isoxj 


Input Capacitance 
(VpS°0.VGS= -12 Vdc.f 
1.0 MHz) 


SMALL-SIGNAL DEVICES 


MFE2004 
MFE2005 
MFE2006 


MFE2004 
MFE2005 
MFE2006 


MFE2004 
MFE2005 
MFE20O6 


MFE2004 
MFE2005 
MFE2006 


MFE2004 
MFE2005 
MFE2006 


6-130 


V(BR)GSS 


>GSS 


'D(off) 


vgs 


IpSS* 


VGS(f) 


VpS(on) 


rps(on) 


rds(on) 


30 


1.0 
2.0 
5.0 


8.0 
15 
30 


0.2 
0.4 


0.2 
0.4 


6.0 
8.0 
10 


1.0 


0.4 
0.4 
0.4 


80 
50 
30 


80 
50 
30 


16 


Vdc 


nAdc 
ftAdc 


nAdc 
piAdc 


Vdc 


mAdc 


Vdc 


Vdc 


Ohms 


Ohms 


PF 


MOTOROLA SEMICONDUCTORS 


MFE2004, MFE2005, MFE2006 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25"Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


1ReverseTransfer Capacitance 
(VDS " 0. Vqs = 6.0 Vdc, f = 1.0 MHz) 
MFE2004 
(Vps = 0, Vqs = 8.0 Vdc, f = 1.0 MHz) 
MFE2005 
| 
(Vps =0,Vqs = 12 Vdc, f = I.O MHz) 
MFE2006 


Crss 


- 
5.0 
5.0 
5.0 


PF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 
(Vdd = 3.0 Vdc. Id = 3.0 mAdc, Vqs = 0) 
MFE2004 
(Vpp = 3.0 Vdc. lp = 6.0 mAdc, Vqs = 0) 
MFE2005 
(VpD " 3.0 Vdc. Id = 10 mAdc, Vqs = 0) 
MFE2006 


*d(on) 


- 


20 
15 
10 


ns 


Rise Time 
(Vpp = 3.0 Vdc, lp = 3.0 mAdc, Vqs = 0) 
MFE2004 
(Vpp = 3.0 Vdc, lp = 6.0 mAdc, Vqs = 0) 
MFE2005 
(Vpp = 3.0 Vdc, lp = 10 mAdc, Vqs = 0) 
MFE2006 


tr 


- 
40 
20 
10 


ns 


Turn-Off Time 
(Vpp = 3.0 Vdc, lp = 3.0 mAdc, VGS(off) = 6.0 Vdc) 
MFE2004 
(Vdd = 3.0Vdc, Id = 6.0 mAdc, VQS(off) = 8.0Vdc) 
MFE2005 
(Vpp = 3.0 Vdc, lp = 10 mAdc, VQS(off) = 12Vdc) 
MFE2006 


toff 


- 
80 
60 
40 


ns 


•Pulse Test: Pulse Width « 300 fts, Duty Cycle < 3.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MFE2010 
MFE2011 
MFE2012 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


JFET 
CHOPPER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Gate-Source Voltage 
vqs 
25 
Vdc 


Forward Gate Current 
"gf 
50 
mAdc 
Total Device Dissipation @ Tq = 25T 
Derate above 25°C 
pd 
1.8 
10 
Watt 
mwrc 


Junction Temperature Range 
Tj 
-65 to +175 
•c 


Storage Temperature Range 
Tsta 
-65 to +200 
°C 
Refer to J107 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 ftAdc. Vps = 0) 
V(BR)GSS 
25 
- 
Vdc 


Gate Reverse Current 
(VqS = 15Vdc,VpS = 0) 
(Vqs = 15 Vdc. VpS = 0, Ta = 150°C) 


<GSS 


- 
3.0 
6.0 
nAdc 
ftAdc 


Drain Cutoff Current 
(Vps = 15 Vdc, Vqs = 12 Vdc) 
(VpS = 15 Vdc,VGS = 12 Vdc,TA = 150X) 


'D(off) 


- 
3.0 
6.0 
nAdc 
ftAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 20 Vdc, Vqs = n> 
MFE2010 
MFE2011 
MFE2012 


loss* 
15 
40 
100 


- 


mAdc 


Gate-Source Forward Voltage 
(Iq = 1.0 mAdc. Vps = 0) 
vGS(f) 
— 
1.0 
Vdc 


Gate-Source Voltage 
(Vps = 15 Vdc, lp = 1.0 ftAdc) 
MFE2010 
MFE2011 
MFE2012 


vqs 
0.5 
1.0 
3.0 


10 
10 
10 


Vdc 


Drain-Source On-Voltage 
(lp = 8.0 mAdc, Vqs = 0) 
MFE2010 
(lp = 15 mAdc, Vqs = 0) 
MFE2011 
(lp «= 30 mAdc. Vqs = 0) 
MFE2012 


VDS(on) 


- 
0.75 
0.75 
0.75 


Vdc 


Static Drain-Source On Resistance 
(lp = 1.0 mAdc, Vqs = 0) 
MFE2010 
MFE2011 
MFE2012 


rDS(on) 


- 
25 
15 
10 


Ohms 


SMALL-SIGNAL CHARACTERiSTICS 


Static Drain-Source "ON" Resistance 
(Vqs = 0, lp = 0, f = 1.0 kHz) 
MFE2010 
MFE2011 
MFE2012 


rds(on) 


- 
25 
15 
10 


Ohms 


Input Capacitance 
(Vps = o, Vqs = 10 vdc. f = i.o mhz) 
Cjss 
— 
50 
PF 


Reverse Transfer Capacitance 
(Vps = 0. Vqs = 12 Vdc, f = 1.0 MHz) 
Crss 
— 
20 
PF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MFE2010, MFE2011, MFE2012 


ELECTRICAL CHARACTERISTICS (continued) (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unft 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 
td(on) 
— 
10 
ns 


Rise Time 
tr 
— 
6.0 
ns 


Turn-Off Delay Time 
(Vpp = 15 Vdc, lp = 8.0 mAdc) 
MFE2010 
(Vpp = 15Vdc,Id = 15 mAdc) 
MFE2011 
(Vdd = 15 Vdc, Id " 30 mAdc) 
MFE2012 


td(off) 


- 
35 
20 
12 


ns 


Fall Time 
(Vdd = 15Vdc,Id = 8.0 mAdc) 
MFE2010 
(Vpp = 15Vdc,lp = 15 mAdc) 
MFE2011 
fV0D = 15Vdc. lp = 30 mAdc) 
MFE2012 


tf 


- 
75 
45 
25 


ns 


•Pulse Test: Pulse Width «s300 fts, Duty Cycle « 3.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MFE3001 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


FET 
LOW-POWER AUDIO 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
20 
Vdc 


Drain-Gate Voltage 
vdg 
±20 
Vdc 


Drain Current 
id 
20 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
200 
1.14 
mW 
mW/°C 


Junction Temperature Range 
tj 
+ 200 
"C 


Storage Temperature Range 
Tsta 
-65 to +175 
°C 


Refer to 2N3796 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs ° -8.0 V, lp = 10 ftAdc) 
V(BR)DSX 
20 
— 
Vdc 


Gate Reverse Current 
(Vqs= -10Vdc,Vps = 0) 
>GSS 
— 
10 
pAdc 


Gate Source Cutoff Voltage 
(IpS = 10 jiAdc, Vps = 10 Vdc) 
VGS(off) 
— 
-8.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vqs = 0 Vdc, Vps = 10 Vdc) 
"DSS 
0.5 
6.0 
mAdc 


On-State Drain Current 
(VQS = 3.5 Vdc, VDS = 10 Vdc) 
'D(on) 
5.0 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 Vdc, Vqs = 0, f = 1.0 kHz) 
lYfsl 
700 
3500 
umhos 


Output Admittance 
(Vps = 10 Vdc, Vqs = 0, f = 1.0 kHz) 
lyosl 
— 
100 
umhos 


Input Capacitance 
(Vps = 10 vdc, vqs = 0, f = 1.0 mhz) 
Ciss 
— 
5.0 
pF 


Reverse Transfer Capacitance 
(Vps = 10 Vdc, Vqs = 0, f = 1.0 MHz) 
Crss 
— 
1.5 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
15 
Vdc 
Drain-Gate Voltage 
vdg 
20 
Vdc 
Gate-Source Voltage 
vgs 
±20 
Vdc 


Drain Current 
id 
30 
mAdc 
Total Device Dissipation @ Tc •» 25^ 
Derate above 25'C 
pd 
200 
1.4 
mW 
mW/X 
Operating and Storage Junction 
Temperature Range 
Tj.T8tg 
-65 to +175 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MFE3G02 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MOSFET 
CHOPPER 


N-CHANNEL — ENHANCEMENT 


Symbol 
Min 
Max 
Unit 


Zero-Gate-Voltage Drain Current 
(Vps = +10 Vdc. Vqs = 0) 
(Vps = +10 Vdc. Vqs = 0, Tq = 125"C) 


loss 


- 
10 
100 


nAdc 


Gate Reverse Current 
(vGs = ±iovdc,Vps = oj 
•gss 
— 
±100 
pAdc 


Drain-Source Breakdown Voltage 
(Vgs = 0, lp = 10 uAdc) 
V(BR)DS 
15 
— 
Vdc 


ON CHARACTERiSTICS 


Gate Threshold Voltage 
(Vds = +10 Vdc, lp = 10uAdc) 
VQS(TH) 
— 
3.0 
Vdc 


SMALL-SIGNAL CHARACTERiSTICS 


Input Capacitance 
(Vps = +io vdc. vqs = o, f = 1.0 mhz) 
CjSS 
- 
5.0 
pF 


Reverse Transfer Capacitance 
(Vps = o. vqs = o. f = i.o MHz) 
Crss 
— 
1.0 
PF 


Drain-Substrate Capacitance 
|Vp(SUB) " +10 Vdc, f = 1.0 MHz) 
Cd(sub) 
— 
4.0 
pF 


Static Drain-Source On Resistance 
(Vqs = +10 Vdc, lp = 0, f = 1.0 kHz) 
rds(on) 
— 
100 
Ohms 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MFE3003 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MOSFET 
CHOPPER 


P-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
Vatue 
Unit 


Drain-Source Voltage 
vds 
-15 
Vdc 


Drain-Gate Voltage 
vdg 
±20 
Vdc 


Gate-Source Voltage 
vgs 
±20 
Vdc 


Drain Current 
id 
30 
mAdc 


Total Device Dissipation @ Tc 
•= 25°C 
Derate above 25°C 
pd 
200 
1.33 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +175 
°C 


ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs = 0.lp = -10uAdc) 
V(BR)DSX 
-15 
— 
Vdc 


Zero-Gate-Voltage Drain Current 
(Vds = -10 Vdc,Vqs = 0) 
(Vds = -10 Vdc,Vqs = O.Tc •= 125X) 


<DSS 


- 
-10 
-100 


nAdc 


Gate Reverse Current 
(Vqs = ±10 vdc. vds = o) 
•gss 
— 
±100 
pAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(VpS ° -10 Vdc. Ip = -lOuAdc) 


SMALL-SIGNAL CHARACTERiSTICS 


Drain-Source Resistance 
(Vgs ° -iov<fc.ip ° o.f ° ioMfe) 


Input Capacitance 
(Vps = - io vdc. vqs ° o. f ° 10 mhz) 


Reverse Transfer Capacitance 
(Vds ° o. Vgs ° o. f ° 1-QMHz) 


Drain-Substrate Capacitance 
(VP(SUB) ° -10 VdCf ° I-0 MHz> 


MOTOROLA SEMICONDUCTORS 


VGS(Th) 


rds(on) 


Cd(sub) 
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-4.0 
Vdc 


200 
Ohms 


4.0 
PF 


1.0 
PF 


2.0 
PF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
20 
Vdc 


Drain-Gate Voltage 
vdg 
20 
Vdc 


Gate-Source Voltage 
vgs 
±20 
Vdc 


Drain Current 
Id 
10 
mAdc 
Total DeviceDissipation @ Tc = 25°C 
Derate above 25°C 
pd 
200 
1.33 
mW 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-65 to +175 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


MFE3004 
MFE3005 


CASE 20-03, STYLE 7 
TO-72 (TO-206AF) 


MOSFET 
VHF/UHF AMPUFIER 


N-CHANNEL — DEPLETION 


Min 
Max 
Unit 


Drain-Source Breakdown Voltage 
(VGS = "5.0 Vdc, lp = 10 uAdc) 
V(BR)DSX 
20 
- 
Vdc 


Gate Reverse Current 
(Vqs = ±15Vdc.Vps = 0) 
•gss 
— 
±50 
pAdc 


Gate Source Cutoff Voltage 
dp = 10 ftAdc,Vps = 15 Vdc) 
VGS(off) 
— 
-5.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, VGS = 0) 
'DSS 
2.0 
10 
mAdc 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, lp = 2.0 mAdc, f = 1.0 kHz) 
Ivfsl 
2000 
- 
umhos 


Input Capacitance 
(Vps = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Cjss 
— 
4.5 
PF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Crss 
— 
0.4 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
NF 
dB 
(Vds = 15 Vdc, Id = 2.0 mAdc, Rs - 1.8 k ohms, f = 200 MHz) 
(Figure 1) MFE3004 
4.5 
(Vds = 15 Vdc,Id = 2.0 mAdc. Rs •> 650 ohms, f = 400 MHz) 
(Figure 2) MFE3005 
— 
4.5 
Common Source Power Gain 
Gps 
dB 
(Vds = 15 Vdc.Id = 2.0 mAdc, Rs - 1.8 kohms, f = 200 MHz) 
(Figure 1) MFE3004 
16 
(Vds = 15 Vdc, lp = 2.0 mAdc, Rs - 650 ohms, f = 400 MHz) 
(Figure 2) MFE3005 
10 
— 


SMALL-SIGNAL DEVICES 
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MFE3004, MFE3005 


FIGURE 1 • 200 MHz TEST CIRCUIT - NEUTRALIZED 
FIGURE 2 - 400 MHz TEST CIRCUIT - NEUTRALIZED 


2 Turns AWG "14 
1/2 I. D., Tapped at 
1/2 turn from gate, 
0.2" winding length 
O.OOlJ 
uF- 


3 1/2 turns AWG #16 
1/4" I. D., 1/2" windlnn 
length, tapped at 1/2 turn 
from drain.-j 
son 


(OUT 


'M2 1/2 turns AWG »16. 
' 
1/4" I. D., 1.2" winding 
length. 
Unless otherwise spec Hied: 


Capacitance values in pF 


MOTOROLA SEMICONDUCTORS 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
200 
Vdc 


Gate-Source Voltage 
vgs 
±20 
Vdc 


Drain Current 
Continuous (1) 
Pulsed (2) 
id 
'dm 


400 
800 


mAdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.8 
14.4 
Watts 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MFE9200 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


MIn 
Typ 
Max 
Unit 


>Drain-Source Breakdown Voltage 
(Vqs = 0, lp = 10 ftA) 
V(BR)DSX 
200 
— 
— 
Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc, VpS = 0) 
'GSS 
— 
0.01 
50 
nAdc 


ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current 
(vDS = 200 v. vqs = o) 
>DSS 
— 
0.1 
10 
uAdc 


Gate Threshold Voltage 
(Vps = Vqs.'D = 1.0 mA) 
VGS(Th) 
1.0 
— 
4.0 
Vdc 


Drain-Source On-Voltage (Vgs " 1° V) 
(lp = 100 mA) 
(lp = 250 mA) 
(lp = 500 mA) 


vDS(on) 


- 
0.45 
1.20 
3.0 


0.6 
1.60 


Vdc 


Static Drain-Source On Resistance 
(Vqs = 10 Vdc) 
(lp = 100 mA) 
(lp = 250 mA) 
(lp = 500 mA) 


rDS(on) 


- 
4.5 
4.8 
6.0 


6.0 
6.4 


Ohms 


On-State Drain Current 
(Vps = 25 v, vGs = 10 v) 
'D(on) 
400 
700 
— 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 
Cjss 
— 
72 
SO 
pF 


Reverse Transfer Capacitance 
(Vps = 25 v, vqs =• o, f =• 1.0 mhz) 
Crss 
— 
2.8 
3.5 
pF 


Output Capacitance 
(Vps = 25 V, Vqs = 0, f = 1.0 MHz) 
Coss 
— 
15 
20 
pF 


Forward Transconductance 
(Vps = 25 V, lp = 250 mA) 
9fs 
200 
400 
— 
mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 
See Figure 1 
'on 
— 
6.0 
15 
ns 


Turn-Off Time 
See Figure 1 
toff 
— 
6.0 
15 
ns 


'Pulse Test: Pulse Width «s300 us. Duty Cycle « 2.0%. 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MFE9200 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT 


+ 26 V 


RGURE 2 — SWITCHING WAVEFORMS 


:23 


Pulse Generator 
20 dB 
SO 0 Attenuator 
>40pF 
l-'-'l 
*r 


M 


RGURE 3 — ON VOLTAGE versus TEMPERATURE 


5-0 
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FIGURE 5 - - TRANSFER CHARACTERISTIC 
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MOTOROLA SEMICONDUCTORS 


To Sampling Scope 
50 (1 Input 
V„„, 
-p^r 


♦ Ion*. 
*-totf* 
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RGURE 4 — CAPACITANCE VARIATION 


160 
vqs = o v 


1I 
-Cf« 
r- 
i\^ 
^ 
•Coss- 
crss- 


8120 
iioo 


tj 60 


10 
20 
30 
40 


Vgfj. DRAIN-SOURCE VOLTAGE (VOLTS) 


RGURE 6 — OUTPUT CHARACTERISTIC 
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2.0 
4.0 
6.0 
8.0 
10 
12 
14 


Vgs, DRAIN-SOURCE VOLTAGE (VOLTS) 


18 
20 


SMALL-SIGNAL DEVICES 


MFE9200 


SMALL-SIGNAL DEVICES 
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FIGURE 7 — SATURATION CHARACTERISTIC 


•10 V- 


tov' 


4.0V 


uv 


1.0 
2.0 
3.0 
4.0 
Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


6-141 


5.0 


MOTOROLA SEMICONDUCTORS 


MFQ930C 
MFQ960C 
MFQ990C 


CASE 632-02, STYLE 1 
TO-116 


QUAD 
DUAL-IN-UNE 
TMOS 


N-CHANNEL — ENHANCEMENT 


Refer to MFE930 for graphs 
ELECTRICAL CHARACTERISTICS (TA 


MAXIMUM RATINGS 


Rating 
Symbol 
MFQ930C 
MFQ360C 
MFQ990C 
Unft 


Drain-Source Voltage 
VDS 
35 
60 
SO 
Vdc 


Drain-Gate Voltage 
vdg 
35 
60 
90 
Vdc 


Gate-Source Voltage 
vgs 
±30 
Vdc 


Drain Current 
Continuous (1) 
Pulsed (2) 
id 
•dm 


2.0 
3.0 


Adc 


Each 
Transistor 
Total 
Device 


Total Device Dissipation @ Ta = 25°C 
Derate Above 25*C 
PD 
0.5 
17.0 
2.0 
66.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
•c 


25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs = 0. lp = 10 uA) 
MFQ930C 
MFQ960C 
MFQ990C 


V(BR)DSX 
35 
60 
90 


- 
- 


Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc, Vps = 0) 
>GSS 
- 
- 
50 
nAdc 


ON CHARACTERISTICS* 
Zero-Gate-Voltage Drain Current (Vps ° Maximum Rating, Vqs " °> 
'DSS 
10 
uAdc 


Gate Threshold Voltage 
(lp = 1.0 mA, Vps ° VGS> 


Drain-Source On-Voltage (Vqs 
(lp = 0.5 A) 


(lp= 1.0 A) 


(lp = 2.0 A) 


10 V) 


Static Drain-Source On Resistance 
(Vgs = 10 Vdc, lp = 1.0Adc) 


On-State Drain Current 
(Vps = 25 V,Vqs = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps ° 25 v, vqs ° o.f 
1.0 MHz) 


Reverse Transfer Capacitance 
(Vps ° 25v, vqs ° o. f = io mhz) 


Output Capacitance 
(VpS*. 25V,Vqs 
0,f = 1.0 MHz) 


Forward Transconductance 
(VpS ° 25 V, lp = 0.5 A) 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Turn-Off Time 


MOTOROLA SEMICONDUCTORS 


MFQ930C 
MFQS60C 
MFQ990C 


MFQ930C 
MFQS60C 
MFQ9S0C 


MFQ930C 
MFQ960C 
MFQ9S0C 


MFQ930C 
MFQ960C 
MFQ990C 
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VGS(Th) 


VDS(on) 


•t)S(on) 


'D(on) 


9fs 


*on 


toff 


1.0 


1.0 


200 


3.5 


0.4 
0.7 
0.6 
0.8 
0.6 
1.0 


0.9 
1.4 
1.2 
1.7 
1.2 
2.0 


2.2 
3.0 
2.8 
3.5 
2.8 
4.0 


0.9 
1.4 
1.2 
1.7 
1.2 
2.0 


2.0 


60 
70 


13 
18 


60 


380 


15 


7.0 
15 


Vdc 


Vdc 


Ohms 


Amps 


pF 


pF 


PF 


mmhos 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 
Drain-Source Voltage 
vds 
25 
Vdc 
Drain-Gate Voltage 
vdg 
25 
Vdc 
Gate-Source Voltage 
vgs 
-25 
Vdc 


Gate Current 
ig 
10 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
pd 
200 


2 
mW 
mW/°C 
Junction Temperature Range 
tj 
125 
•c 
Storage Temperature Range 
Tsto 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERiSTICS 


Gate-Source Breakdown Voltage 
(lp ° -IQuAdc, VDS = 0) 


Gate Reverse Current 
(Vqs = -15Vdc,Vps = 0) 
(VQS " -15Vdc,Vps = 0,TA = 100°C) 
Gate Source Cutoff Voltage 
(VpS ° 15 Vdc, lp = 2.0 nAdc) 


Gate Source Voltage 
(VpS = 15 Vdc, lp = 0.2 mAdc) 


ON CHARACTERISTICS 


Symbol 


MPF102 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
VHF AMPURER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


Min 
Max 
Unft 


V(BR)GSS 
-25 
Vdc 


>GSS 


VQS(off) 


vgs 
-0.5 


-2.0 
-2.0 


-8.0 


-7.5 


nAdc 
uAdc 


Vdc 


Vdc 


Zero-Gate-Voltage Drain Current* 
(Vds = 15 vdc, Vqs = o vdc) 
'DSS 
2.0 
20 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* 
(Vps = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
(Vps = 15 Vdc,Vqs = 0, f = 100 MHz) 


IVfsl 
2000 
1600 
7500 
umhos 


Input Admittance 
(Vps = 15 Vdc, Vqs = 0, f = 100 MHz) 
Re(yjs) 
— 
800 
umhos 


Output Conductance 
(Vps = 15 Vdc, Vqs = 0, f = IOO MHz) 
Re(yos) 
— 
200 
umhos 


Input Capacitance 
(Vps = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
C.ss 
— 
7.0 
PF 


Reverse Transfer Capacitance 
tVps = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
Crss 
— 
3.0 
PF 


•Pulse Test: Pulse Width =s 630 ms; Duty Cycle «s10% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPF108 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Gate-Source Voltage 
vgs 
-25 
Vdc 


Forward Gate Current 
IGF 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Junction Temperature Range 
tj 
-65 to +135 
°C 


Storage Temperature Range 
TStQ 
-65 to +150 
°C 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERiSTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 ftAdc. Vps = 0) 


Gate Reverse Current 
(Vqs = -15 Vdc, Vps 
(VGS ° -15Vdc,Vps 


0) 
0,TA 
100*0 


Gate-SourceCutoffVoltage* 
(Vps ° 15Vdc,lp = 10 uAdc) 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 
(Vps = 15Vdc, Vqs " 0)- 


SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance (Vps ° 15Vdc, Vqs ° 0.f ° 100MHz) 


ForwardTransadmittance* (Vps = 15 Vdc,Vqs " °.f ° 1° kHz> 
InputAdmittance (Vps ° IS Vdc, Vqs = 0. f ° 100MHz) 
Output Admittance (Vps - 15Vdc, Vgs ° 0.f ° 10 kHz) 
Output Conductance (Vps ° 15Vdc. Vqs - 0.f ° 100 MHz) 
InputCapacitance (Vps ° 15Vdc, Vqs = 0.f " 1° MHz' 
Reverse TransferCapacitance 
(Vps = 15Vdc, Vqs = 0. f c 10 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Fjgure 
(Vps= 15Vdc, Vqs = 0,Rq = 1-0 Megohm, f = 1.0 kHz) 
(Vps = is vdc, vps °o.Rg = i° kohm'f ° 10° MHz> 


Symbol 


V(BR)GSS 


iGSS 


VGSloff)* 


'DSS' 


IVfs 


Vfs" 
Re(yjs) 


lYo 
Re(y08) 


NF 


Min 


-25 


0.5 


1.5 


1600 


2000 


Max 


1.0 
-1.0 


8.0 


24 


7500 


800 


75 


200 


6.5 


2.5 


2.5 
3.0 


Unit 


Vdc 


nAdc 
uAdc 


Vdc 


mAdc 


umhos 


umhos 


umhos 


umhos 


umhos 


PF 


PF 


dB 


•Tocharacterize these devices tonarrower limits, regarding Ipss.VGS(off) and yfe, theentire production lotistested anddivided into 
color-coded groups, with each color dot representing a relatively small range compared with the total min-max limit ofthe whole 
distribution. The color codes and their associated limits are given in the followingtable. 
When packaged for shipment, the colors are randomly selected and no specific color distribution isimplied orguaranteed. 


Color 


Orange 
Yellow 
Green 
Blue 
Violet 


'PS 
1.5 mAdc, Min, 3.0 mAdc Max 
2.5 mAdc Min, 5.0 mAdc Max 
4.0 mAdc Min, 8.0 mAdc Max 
7.0 mAdc Min, 14 mAdc Max 
12 mAdc Min, 
24 mAdc Max 


MOTOROLA SEMICONDUCTORS 


VGSloff) 
0.5 Vdc Min, 5.0 Vdc Max 
0.5 Vdc Min, 5.0 Vdc Max 
1.0 Vdc Min, 7.0 Vdc Max 
1.0 Vdc Min, 7.0 Vdc Max 
2.0 Vdc Min, 8.0 Vdc Max 


6-144 


Yfs 


2000 to 6500 umhos 
2000 to 6500 umhos 
2500 to 7000 umhos 
2500 to 7000 umhos 
3000 to 7500 umhos 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
20 
Vdc 
Drain-Gate Voltage 
vdg 
20 
Vdc 
, 
Gate-Source Voltage 
vgs 
-20 
Vdc 


Gate Current 
ig 
10 
mAdc 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
310 
2.0 
mW 
mW/°C 
Junction Temperature Range 
tj 
125 
•C 
Storage Channel Temperature Range 
Tsto 
-65 to +135 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPF111 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


Min 
Typ 
Max 
Unft 


Gate-Source Breakdown Voltage 
(IG = -10/iAdc,Vps = 0) 
V(BR)GSS 
-20 
- 
- 
Vdc 


Gate Reverse Current 
(Vqs = -10Vdc,Vps = 0) 
'GSS 
- 
0.1 
100 
nAdc 


Gate Source Cutoff Voltage 
(Vps 
•=» 10 Vdc, lp = 1.0 ftAdc) 
VGS(off) 
-0.5 
- 
-10 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain CurrentO) 
(VpS = 10 Vdc, Vqs= 0) 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer AdmittanceO) 
(VpS ° 10 Vdc,Vqs = 0. f = I.OkHz) 


Output AdmittanceO) 
(Vps ° io Vdc, Vgs = o, f 


Input Capacitance 
(Vps ° io vdc, Vqs = o, f 
Reverse Transfer Capacitance 
(Vps ° io vdc, vqs = o. f 


1.0 kHz) 


1.0 MHz) 


1.0 MHz) 
(1)PulseTest: PulseWidth «s 630 ms; DutyCycle»s 10%. 


SMALL-SIGNAL DEVICES 


ipss 


Ivfs 
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0.5 
20 
mAdc 


500 
umhos 


20 
umhos 


4.5 
PF 


1.5 
PF 


MOTOROLA SEMICONDUCTORS 


MPF112 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
VHF AMPURER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
VDS 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Gate-Source Voltage 
vgs 
-25 
Vdc 


Gate Current 
ig 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
pd 
200 
2.0 
mW 
mW/°C 


Junction Temperature Range 
tj 
125 
°C 


Storage Channel Temperature Range 
Tsta 
-65 to +150 
°C 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(ic ° -IQuAdcVps = 0) 


Gate Reverse Current 
(Vqs = -10 Vdc,Vps = 0) 


Gate Source Cutoff Voltage 
(VpS= 10Vdc. lp = 1.0/iAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current!1) 
(Vps = io vdc, vgs ° Q) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10Vdc. Vqs = 0,f = 1.0kHz)(1) 
(Vps ° io We vgs ° o. f = ioo mhz) 


Input Capacitance 
(Vps «= io vdc, vgs 
0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(vps ° io vdc, vps ° °.f 
1.0 MHz) 


(1)PulseTest: PulseWidth «s 630 ms; DutyCycle«s 10%. 


MOTOROLA SEMICONDUCTORS 


V(BR)GSS 


IGSS 


VGS(off) 


IpSS 


IVfs 
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-25 


-0.5 


1.0 


1000 
800 


Vdc 


100 
nAdc 


-10 
Vdc 


25 
mAdc 
I 


7500 
umhos 


8.0 
pF 


3.0 
pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain Current 
id 
30 
mAdc 


MPF130 
Series 
MFE130 
Series 
Total DeviceDissipation @ Ta = 25°C 
(Package Limitation) 
Derate above 25°C 


pd 
300 


2.4 


300 


1.71 


mW 


nrWWC 


Operating and Storage Channel 
Temperature Range 
Tchannel. 
Tsta 
-65 to 


+ 150 
-65 to 


+ 175 


°C 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MPF130,131,132 
MFE130,131,132 


MPF130 SERIES 
CASE 317-01, STYLE 1 


MFE130 SERIES 
CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 


DUAL-GATE 
MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Min 
Typ 
Max 
Unit 
| 


Drain-Source Breakdown Voltage 
dp = 10uAdc,Vs = 0..VQ1 = -4.0V.Vq2 = +4.0 V) 
V(BR)DSX 
25 
- 
- 
Vdc 


Gate 1-Source Breakdown Voltage 
(|Q1 = ±10uAdc, VQ2S = 0) 
V(BR)G1SO 
±7.0 
— 
±20 
Vdc 


Gate 2-Source Breakdown Voltage 
(|Q2 = ±10uAdc, VQ2S = 0) 
v(BR)G2SO 
±7.0 
— 
±20 
Vdc 


Gate 1 Leakage Current 
(Vqis = ±6.0 Vdc, Vq2S = 0, VDS = 0) 
IG1SS 
— 
— 
20 
nAdc 


Gate 2 Leakage Current 
(VQ2S = ±6.0 Vdc,Vqis = 0, Vps = 0) 
<G2SS 
— 
— 
20 
nAdc 


Gate 1 to Source Cutoff Voltage 
(VDS = 15 Vdc,VQ2S = 4.0 Vdc, lp = 200 uAdc) 
vG1S(off) 
— 
— 
-4.0 
Vdc 


Gate 2 to Source Cutoff Voltage 
(Vps = 15 Vdc. Vqis = 0, lp = 200 uAdc) 
VG2S(off) 
— 
— 
-4.0 
Vdc 


ON CHARACTERiSTICS 


Zero-Gate-Voltage Drain Current 
(VpS " 15 Vdc,Vqis = 0. VQ2S = 4.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


'DSS 
3.0 
30 
mAdc 


Forward Transfer Admittance (Gate 1 connected to Drain) 
(Vps = 15 Vdc,VQ2S = 4.0 Vdc, lp = 10 mAdc, f = 1.0 kHz) 
IVfsl 
8000 
- 
20000 
umhos 


Input Capacitance 
(VpS = 15 Vdc VQ2S = 4.0 Vdc, lp = Ipss. f = 10 MHz) 
Cjss 
— 
4.5 
7.0 
PF 


Reverse Transfer Capacitance 
(VpS = 15 Vdc, VG2S = 4.0 Vdc, lp = 6.0 mAdc, f = 1.0 MHz) 
Crss 
— 
0.023 
0.05 
pF 


Output Capacitance 
(Vps = 15 Vdc,VQ2S = 4.0 Vdc,lp = Ipss. f = 1.0 MHz) 
Cqss 
— 
2.5 
4.0 
pF 


FUNCTIONAL CHARACTERiSTICS 


Noise Figure (Figure 7) 
NF 
dB 
(VpS = 15 Vdc,VQ2S = 4.0 Vdc, 
lp = 6.0 mAdc, Zs is optimized for NF) 
(f = 105 MHz) 
MPF/MFE130 
2.9 
5.0 
(f = 60 MHz) 
MPF/MFE131 
2.5 
5.0 
(f = 100 MHz) 
MPF/MFE131 
— 
3.0 
5.0 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPF130,131,132, MFE130,131,132 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


- Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


Common Source Power Gain (Rgure 7) 
(Vps = 15Vdc, VQ2S = 4.0 Vdc, 
lp = 6.0 mAdc, Zs is optimized for NF) 
(f = 105 MHz) 
MPF/MFE130 
(f»60 MHz) 
MPF/MFE131 
(f = 200 MHz) 
MPF/MFE131 


Gps 


17 
20 
17 


23 
27 
20 


dB 


Level of Unwanted Signal for 1.0% Cross Modulation 
(Vps = 15Vdc, VQ2S = 4.0 Vdc, lp = 6.0 mAdc) 


— 
— 
100 
— 
mV 


Common-Source Conversion Power Gain (Gate 1 Injection, Figure 8) 
(Vps = 15Vdc, VQ2S = 4.0 Vdc, Local 
Oscillator Voltage = 925 mVrms) 
(Signal Frequency = 60 MHz,LocalOscillator 
Frequency = 104MHz) 
MPF/MFE132 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) 
MPF/MFE132 


Gc 


15 


12 


16.5 


14 


- 


dB 


COMMON-SOURCE ADMITTANCE PARAMETERS 
«V0S - 15 Vdc, Vq2S " 4.0 Vdc, lD - 6.0 mAdc) 


FIGURE 1 - 
INPUT AOMITTANCE 
FIGURE 2 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 3 - 
FORWARD TRANSFER ADMITTANCE 
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FIGURE 4 - 
OUTPUT ADMITTANCE 
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MPF130,131,132, MFE130,131,132 


FIGURE 5 - GAIN REDUCTION 
FIGURE 6 - 
CONVERSION POWER GAIN 
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FIGURE 7 - 60,105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


OPTIONALAGC O 


SO OHM 
INPUT 


3.0-ISpF 


C4 


3X1-15 pF 
— 


Ll 
0.33 wH 
*16 AWG. 6 1/2Turns,1" Long,1/4" Dia. 
«16 AWG. 3 1/2 Turns,0.7" Long. 0.2" Dia. 
AllFctdlhrough CapacitorsICGO pF 
AllVariable CapacitorsJOHANSON JMC2951.3.0-15 pF 


L2 
0.47 <jH 
=16 AWG. 5 1/4 Turns.1" Long.7/16" Ota. 
=16AWG. 4 1/2 Turns.0.65" Long. 0.2" Dii. 


FIGURE 8-60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 
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on MILLER 45004 Core 
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MPF201 
MPF202 
MPF203 


CASE 317-01, STYLE 1 


DUAL-GATE MOSFET 
VHF AMPUFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Vottage 
vds 
25 
Vdc 


Drain-Gate Voltage 
VpQi 
VDG2 


30 
30 
Vdc 


Drain Current 
id 
50 
mAdc 


Gate Current 
igi 
>G2 


±10 
±10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25"C 
pd 
300 
2.4 
mW 
mVWC 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
1.2 
8.0 
Watt 
mW/X 


Lead Temperature 
tl 
260 
'C 


Junction Temperature Range 
tj 
-65 to +150 
°C 


Storage Channel Temperature Range 
Tstd 
-65 to +150 
'C 


ELECTRICAL CHARACTERiSTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(lp = 10ftAdc. Vs = 0, VQ1S = VG2S = -5.0 Vdc) 
V(BR)DSX 
25 
— 
— 
Vdc 


Gate 1-Source Breakdown Voltaged) 
(|Q1 = ±10 mAdc, Vq2S = Vps = 0) 
V(BR)G1SO 
±6.0 
±12 
±30 
Vdc 


Gate 2-Source Breakdown Vottage!1) 
«G2 = ±10mAdc,VGis = Vps = 0) 
V(BR)G2SO 
±6.0 
±12 
±30 
Vdc 


Gate 1 Leakage Current 
(VQ1S = ±5.0Vdc,VG2S = Vps = 0) 
(VQ1S = -5.0Vdc,VQ2S = VDS = 0, TA = 150°C) 


'G1SS 


- 
±0.040 
±100 
-100 
nAdc 
ftAdc 


Gate 2 Leakage Current 
(VQ2S ° ±5.0 Vdc,Vqis = Vps = 0) 
(VG2S = -50 Vdc, VG1S = Vps = 0, Ta = 150°C) 


'G2SS 


- 
±0.050 
±100 
-100 
nAdc 
/iAdc 


Gate 1 to Source Cutoff Voltage 
(Vps = 15Vdc,VQ2S = 4.0 Vdc,lp = 20 ftAdc) 
vG1S(off) 
-0.5 
-1.5 
-5.0 
Vdc 


Gate 2 to Source Cutoff Voltage 
(Vps = 15 Vdc,VQ1S = 0, lp = 20 ftAdc) 
VG2S(off) 
-0.2 
-1.4 
-5.0 
Vdc 


ONCHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) 
(Vps = 15 Vdc,Vqis = VQ2S= 40 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer AdmittanceO) 
(Vps = 15 Vdc, VQ2S = 40 Vdc, V^s 
f = 1.0 kHz) 


MPF201, MPF202 
MPF203 


MPF201, MPF202 
MPF203 


Input Capacitance 
(VpS " 15Vdc. VQ2S = 4.0Vdc, lp = Ipss. f = 10 MHz) 


Reverse Transfer Capacitance 
(VpS ° 15Vdc, VQ2S = 4.0Vdc, lp = 10mAdc, 1 = 1.0MHz) 


Output Capacitance 
(VpS = 15Vdc, VG2S = 4.0Vdc. lp ° Ipss. * ° --0 MHz> 


'DSS 


lYfsl 


6.0 
3.0 


8.0 
7.0 
12.8 
12.5 


3.3 


0.014 


30 
15 


20 
15 


0.05 


mAdc 


mmhos 


pF 


"pf" 


PF 


FUNCTIONAL CHARACTERISTICS 


NF 
dB 
7.0 Vdc. f = 200 MHz) (Figure 1) 
MPF201 
— 
1.8 
5.0 
6.0 Vdc, f = 45 MHz) (Figure 3) 
MPF203 
— 
5.3 
6.0 


Noise Figure 
(Vpp = 18 Vdc, Vqq 
(Vpp = 18 Vdc, Vqg 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


6-150 


MPF201, MPF202, MPF203 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Common Source Power Gain 
(Vpp = 18 Vdc, Vqq = 7.0 Vdc, f = 200 MHz)(Figure 1) 
MPF201 
(Vpp = 18 Vdc, Vqg = 6.0 Vdc, f = 45 MHz) (Figure 3) 
MPF203 
(Vpp = 18 Vdc, f uo = 245 MHz, fRF = 200 MHz)(Figure 2) 
MPF202 


Gps 


Gc(5) 


15 
20 
15 


20 
25 
19 


25 
30 
25 


dB 


Bandwidth 
(Vpp = 18 Vdc, Vqg = 7.0 Vdc, f = 200 MHz) (Figure 1) 
MPF201 
(Vpp = 18 Vdc, fLO = 245 MHz, fRF = 200 MHz) (Figure 2) 
MPF202 
(Vpp = 18 Vdc,Vqg = 6.0 Vdc, f = 45 MHz) (Figure3) 
MPF203 


BW 
5.0 
4.5 
3.0 


- 


9.0 
7.5 
6.0 


MHz 


Gain Control Gate-Supply Voltage(4) 
(Vpp = 18Vdc, AGps = -30 dB, f = 200 MHz) (Figure 1) 
MPF201 
(Vpp = 18 Vdc, AGDS = -30 dB, f = 45 MHz) (Figure3) 
MPF203 


Vgg(GC) 
0 


0 
-1.0 
-0.6 
-3.0 
-3.0 


Vdc 


(1) All gatebreakdown voltages aremeasured while thedevice isconducting rated gatecurrent. This ensures thatthegate-voltage limiting 
network is functioning properly. 
(2)Pulse Test: Pulse Width = 300 fts. Duty Cycle « 2.0%. 
(3) Thisparametermust be measured with bias voltagesapplied for less than 5 seconds to avoidoverheating. 
(4) AGpS isdefined as thechange inGpsfrom thevalue at Vqg = 7.0 volts (MPF201) andVqq = 6.0volts (MPF203). 
(5) Power Gain Conversion 
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FIGURE 2 - 
200-MHz-to-45-MHz TEST CIRCUIT SCHEMATIC 
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FIGURE 3 - 45-MHz TEST CIRCUIT SCHEMATIC 
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TYPICAL CHARACTERISTICS 


FIGURE 4 - 
DRAIN CURRENT versus 
ORAIN to SOURCE VOLTAGE 
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FIGURE 6 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
DRAIN CURRENT 
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FIGURE 5 - ORAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE 
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FIGURE 7 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-ONE to SOURCE VOLTAGE 
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FIGURE 8 - 
SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
GATE-TWO to SOURCE VOLTAGE 
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FIGURE 12 - 
SMALL-SIGNAL COMMON SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE - 
MPF203 
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FIGURE 9 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus 
GATE TWO to SOURCE VOLTAGE 
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FIGURE 11 - 
COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE - 
MPF201 
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FIGURE 13- SMALL-SIGNAL COMMON-SOURCE 
CONVERSION POWER GAIN versus 
LOCAL OSCILLATOR INPUT VOLTAGE - 
MPF202 
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FIGURE 14 - 
SMALL-SIGNAL GATE ONE FORWARD 
TRANSFER ADMITTANCE versus FREQUENCY 
FIGURE 15 - 
SMALL-SIGNAL GATE ONE INPUT 
ADMITTANCE versus FREQUENCY 
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FIGURE 16 - 
SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 


1.0 


0.7 


1—i 
1——i 
- VOS -'5V eg 


- VQ2S* 4 V 
- 
Id • 10 mA 


0.3 


0.2 


b OS 


0.07 


0.05 


0.03 


0.02 


0.01 


MOTOROLA SEMICONDUCTORS 


100 
200 


I. FREQUENCY (MHi) 


FIGURE 17 - 
S PARAMETERS PLOTTED 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MPF211 
MPF212 
MPF213 
Unh 


Drain-Source Voltage 
vds 
27 
35 
Vdc 


Drain-Gate Voltage 
VDG1 
VDG2 


35 
35 
40 
40 
Vdc 


Drain Current — Continuous 
id 
50 
mAdc 


Gate Current 
igi 
>G2 


±10 
±10 
mAdc 


Total Device Dissipation <ffi TA = 25T 
Derate above 25°C 
Pd 
300 
1.71 
mW. 
mW/°C 
Total Device Dissipation <& Tc = 25X 
Derate above 2S°C 
pd 
1.2 
8.0 
Watt 
mW/T 


Lead Temperature, 1/16* From Seated 
Surface for 10 Seconds 
tl 
260 
°C 


Junction Temperature Range 
tj 
-65 to +150 
X 


Storage Channel Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPF211 
MPF212 
MPF213 


CASE 317-01, STYLE 1 


DUAL-GATE MOSFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Symbol 
Min 
Max 
Unit 


Drain-Source Breakdown Voltage 
(Vqis = VQ2S = ~4-0 Vdc, Id = 10 ftAdc) 
MPF211,212 
MPF213 


V(BR)DSX 
25 
30 


- 


Vdc 


Instantaneous Drain-Source Breakdown Voltaged) 
(Vqis = VQ2S = -4.0 Vdc, Iq = 10 ftAdc) 
MPF211,212 
MPF213 


V(BR)DSX 
27 
35 


- 


Vdc 


Gate 1-Source Breakdown Voltage(2) 
<VG2S = Vds = 0, Igi = ±10 mAdc) 
V(BR)G1SO 
±6.0 
— 
Vdc 


Gate 2-Source Breakdown Voltage(2) 
(Vqis = Vos = 0. -G2 = ±10 mAdc) 
V(BR)G2SO 
±6.0 
— 
Vdc 


Gate 1 Leakage Current 
IVG1S = ±5.0 Vdc, VG2S = Vds = 0) 
(VG1S = -5.0 Vdc, VG2S = VDS = 0, TA = 150X) 


'G1SS 
±0.04(Typ) 
±100 
-100 
nAdc 
fiAdc 


Gate 2 Leakage Current 
(VG2S = ±5.0 Vdc, VG1S = VDS = 0) 
(VQ2S = -5.0Vdc,VGiS = VDS = 0,TA = 150°C) 


>G2SS 
±0.04(Typ) 
±100 
-100 
nAdc 
ftAdc 


Gate 1 to Source Cutoff Voltage 
(Vqs = 15 Vdc, VQ2S = 4.0 Vdc, Id = 2.0 fiAdc) 
MPF211,213 
MPF212 


VG1S(off) 
-0.5 
-0.5 
-5.5 
-4.0 


Vdc 


Gate 2 to Source Cutoff Voltage 
(VDS = 15 Vdc, Vqis = 0, Id = 20 ^Adc) 
MPF211 
MPF212.213 


vG2S(off) 
-0.2 
-0.2 
-2.5 
-4.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(3) 
(Vds = 15Vdc,VQiS = 0.VQ2S = 4.0 Vdc) 
loss 
6.0 
4.0 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance^) 
(VDs = 15 Vdc, VQ2S = 4.0 Vdc, Vqis = 0, f = 1.0 kHz) 
MPF211.212 
MPF213 


lYfsl 
17 
15 
40 
35 


mmhos 


Reverse Transfer Capacitance 
(Vds = 15 Vdc, VQ2S = 4.0 Vdc, Id = 10 mAdc, f = 1.0 MHz) 
Crss 
0.005 
0.05 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vdd = 18 Vdc, Vqg = 7.0 Vdc, f = 200 MHz) (Figure 1) 
MPF211 
(Vdd = 24 Vdc, Vqg = 6.0 Vdc, f = 45 MHz) (Figure 2) 
MPF211,213 


NF 


- 
4.0 
4.5 


dB 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unh 


Common Source Power Gain 
(Vdd = 18 Vdc, Vqg = 7-n Vdc, f = 200 MHz) (Figure 1) 
MPF211 
(Vdd = 24 Vdc, Vqg = 6.0 Vdc, f = 45 MHz)(Figure2) 
MPF211 
(Vdd = 24 Vdc, Vqg = 6.0 Vdc, f = 45 MHz)(Figure 2) 
MPF213 
(Vdd = 18 Vdc, fLO = 245 MHz, fRE = 200 MHz)(Figure 3) 
MPF212 


Gps 


Gc(6) 


24 
29 
27 


21 


35 
37 
35 
38 


dB 


Bandwidth 
(Vdd = 18 Vdc, Vqq = 7.0 Vdc, f = 200 MHz)(Figure 1) 
MPF211 
(Vdd = 18 Vdc, fLO = 245 MHz, fRE = 200 MHz) (Figure3) 
MPF212 
(Vdd = 24 Vdc, Vqg = 6.0 Vdc, f = 45 MHz)(Figure2) 
MPF211,213 


BW 
5.0 
4.0 
3.5 


12 
7.0 
6.0 


MHz 


Gain Control Gate-Supply Voltage(S) 
(Vdd = 18Vdc, AGpS = -30 dB,f = 200MHz) (Figure 1) 
MPF211 
(VDD = 24Vdc, AGpS= -30 dB< f = 45 MHz) (Figure 2) 
MPF211.213 


Vqg(GC) 


- 
-2.0 
±1.0 


Vdc 


(1) Measured after five seconds of applied voltage. 
(2)Allgate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate 
voltage limiting network is functioning properly. 
(3) Pulse Test: Pulse Width = 300 fts. Duty Cycle s 2.0%. 
(4)This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to 
Gate 1 with Gate 2 at ac ground. 
(5) AGps isdefined as thechange inGps from thevalue at Vqg = 7.0 Volts (MPF211) andVqq = 6.0 Volts (MPF213). 
(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Gc. 


FIGURE 1 — 200 MHz POWER GAIN, GAIN CONTROL VOLTAGE, AND NOISE RGURE TEST CIRCUIT 


From 50 oi^°L""! 
Source 
@-"»- 
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-'li 
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T |l10k j80pf[ 
J 


,, — 1 
1 
i 


C1, C2 & C3: Leadless disc ceramic, 0.001 ftf 
C4: Arco 462, 5-80 pF, or equivalent 
Ll: 3 Turns #18, 3/16* diameter aluminum slug 
L2: 8 Turns #20, 3/16* diameter aluminum slug 


RGURE 2 — 45-MHz POWER GAIN AND NOISE RGURE TEST CIRCUIT 
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Source 
^^^ 


£)To50ft 
12 pf 
i 
Load 


CI: 
Landless disc ceramic, 0.001 pF 
Ll: 
8 Turns #28, 5/32" diamotor form, typo "J" slug 
C2: 
Loadlot* disc ceramic. 0.01 fjF 
L2: 
9 Turns #28, 5/32" diameter form, typo "J" slug 
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RGURE 3 — 200-MHz-to-45-MHz CIRCUITFORCONVERSION POWER GAIN 


vdd 


& 
To50ft 
v' Load 


Ll: 7 Turns #34, 1/4" diamstor aluminum slug 
L2: 
5-1/2 Turns #20. 1/4" diamoter oluminum slug 
L3: 
7 Turns #24, 1/4" diamotor air core 


CI: Arco typo 462, 6-80 pF 
C2: 0.001 fie loadlats disc 
C3: 
0.01 ftF leadloss disc 


TI: 
Pri: 
25 Turns #30, close wound on 1/4" 
diamotor form, typo "J" slug 
See: 
4 Turns #30, centorod over primary 


TYPICAL CHARACTERISTICS 


RGURE 4 — ORAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE 
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RGURE 5 — DRAIN CURRENT versus 
GATE ONE-TO-SOURCE VOLTAGE 
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SMALL-SIGNAL COMMON-SOURCE PARAMETER — GATE ONE 


RGURE 6 — FORWARD TRANSFER ADMITTANCE 
versus GATE TWO-TO-SOURCE VOLTAGE 
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RGURE 7 — FORWARD TRANSFER ADMITTANCE 
versus GATE ONE-TO-SOURCE VOLTAGE 
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FIGURE 8 — FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
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RGURE 10 — SMALL-SIGNAL GATE ONE INPUT 
ADMITTANCE versus FREQUENCY 
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RGURE 9 — INPUT AND OUTPUT CAPACITANCE 
versus GATE TWO-TO-SOURCE VOLTAGE 
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RGURE 11 —SMALL-SIGNAL FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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RGURE 12 — SMALL-SIGNAL GATE ONE REVERSE TRANSFERS 
RGURE 13 — SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 
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RGURE 14 — RELATIVE SMALL-SIGNAL POWER GAIN 


versus 
GAIN CONTROL GATE SUPPLY VOLTAGE 
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RGURE 16 — SMALL-SIGNAL COMMON-SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 
GATE SUPPLY VOLTAGE 
MPF211, 213 
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RGURE 15 — COMMON SOURCE SPOT NOISE RGURE 
versus 
GAIN CONTROL GATE SUPPLY VOLTAGE 
MPF211 
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RGURE 17 — OPTIMUM SPOT NOISE RGURE 
versus FREQUENCY 
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RGURE 18 — INPUT/OUTPUT IMPEDANCE 
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1000 


S22 


MOTOROLA SEMICONDUCTORS 


MPF230 
MPF231 
MPF232 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
LOW NOISE AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
-40 
Vdc 


Drain-Gate Voltage 
vdg 
40 
Vdc 


Gate-Source Voltage 
vgs 
40 
Vdc 


Gate Current 
ig 
50 
mA 


Total Device Dissipation <& Ta, = 25°C 
Derate above 25X 
pd 
310 
2.82 
mW 
mW/°C 


Storage Temperature Range - 
Tsta 
-65 to +150. 
•c 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0,iA, 
V(BR)GSS 
-40 
— 
Vdc 


Gate Reverse Current 
(VGS = "30 V) 
•gss 
— 
-250 
PA 


Gate Source Cutoff Voltage 
(Vds = 20 V,lD = 1.0 ftA) 
MPF230 
MPF231 
MPF232 


VGS(off) 
-1.0 
-2.0 
-3.0 


-3.0 
-5.0 
-6.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDS = 20 V) 
MPF230 
MPF231 
MPF232 


'DSS* 
0.7 
2.0 
5.0 


3.0 
6.0 
10.0 


mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
IVfsl" 
fimhos 
(Vds = 20 V,f = 1.0 kHz) 
MPF230 
1000 
3000 


MPF231 
1500 
3000 
MPF232 
2500 
4500 


FUNCTIONAL CHARACTERISTICS 


Equivalent Short-Circuit Input Noise Voltage 
(VpS = 10V.f ° 10 Hz) 


•Pulse Width « 2.0 msec. 


MOTOROLA SEMICONDUCTORS 


6-160 


en 
30 
nV/VHz 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Source Voltage 
vds 
2:30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Reverse Gate-Source Vottage 
vgsr 
30 
Vdc 


Forward Gate Current 
'G(f) 
10 
mAdc 


Total Device Dissipation <« Ta, = 25°C 
Derate above 25°C 
pd 
350 
2.73 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tjr Tjjtg 
-65 to +150 
°C 


MPF256 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
AMPLIFIER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25"Cunless otherwise noted.) 
| 
Characteristic 
Symbol 
Min 
typ 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 ftAdc. VDs = 0) 
V(BR)GSS 
25 
— 
— 
Vdc 


Gate Reverse Current 
(VGs = is vdc, vDs = o) 
>GSS 
— 
— 
5.0 
nAdc 


Gate Source Cutoff Voltage 
(V0s = 15 Vdc. Id = 200 ftAdc) 
VGS(off) 
0.5 
— 
7.5 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Vqs = 0) 
Red 
Green 
Violet 


'DSS* 
3.0 
6.0 


11 


- 
7.0 
13 
18 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
lYfsl 
6.0 
— 
— 
mmhos 


Input Capacitance 
(Vqs = 15 Vdc, Iq = 10 mAdc, f = 1.0 MHz) 
Ciss 
— 
3.0 
— 
PF 


Reverse Transfer Capacitance 
(VDS = 15 Vdc, Id = 10 mAdc, f = 1.0 MHz) 
Crss 
— 
1.2 
— 
pF 


Output Capacitance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 kHz) 
Coss 
— 
2.0 
— 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc, Rs = 50 Ohms) 
100 MHz 
400 MHz 


NF 


- 
- 
2.0 
4.0 


dB 


Common Source Power Gain 
(Vds = 15 Vdc, Rs = 50 Ohms) 
100 MHz 
400 MHz 


Gpg 
20 
12 


- 
- 
dB 


•To characterize these devices to narrower limits, the entire production lot is tested and divided into color-coded groups, with each color 
dot representing an loss range. 


When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 
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MPF521 


CASE 317-01, STYLE 1 


MOSFET 
DUAL GATE 
VHF AMPUFIER TRANSISTOR 


N-CHANNEL— ENHANCEMENT 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
25 
Vdc 


Drain-Gate Voltage 
vdgi 
VDG2 


30 
30 
Vdc 


Drain Current 
id 
30 
mAdc 


Gate Current 
'GIF 
'G2F 


10 
10 
mAdc 


Total Device Dissipation <& Ta = 25°C 
Derate above 25°C 
Pd 
300 
1.71 
mW 
mW/°C 


Operating Channel Temperature 
Tchannel 
150 
•c 


Lead Temperature, 1/16" From Seated 
Surface for 10 Seconds 
TL 
200 
•c 


Storage Channel Temperature Range 
Tstfl 
-65 to +150 
"C 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
j 
Unit 
| 


OFF CHARACTERISTICS 


Gate 1-Source Breakdown Voltage 
(vG2 = vDs = o,igi = ioma<Jc) 
V(BR)G1SO 
10 
15 
— 
Vdc 


Gate 2-Source Breakdown Voltage 
(Vqis = VDS = 0. IQ2 = 10 MAdc) 
V(BR)G2SO 
12 
16 
— 
Vdc 


Gate 1 Reverse Leakage Current 
(VQ1S = 5.0 Vdc, VQ2S = VDS = °> 
<G1SS 
— 
30 
100 
nAdc 


Gate 2 Reverse Leakage Current 
IVG2S = 5.0 Vdc, Vqis = Vds = 0) 
'G2SS 
— 
30 
100 
nAdc 


Drain-Source Breakdown Voltage 
(VG2 = 0, lD = 10 ftAdc) 
V(BR)DS 
25 
28 
— 
Vdc 


ON CHARACTERSnCS 


Gate-Source Threshold Voltage 
(VQ2S = 10 Vdc, Id = 10 MAdc, Vds = 15 V) 
(VQ1S = ".0 Vdc, lD = 10 MAdc, Vds = 15 V) 


VG1S(TH) 
VG2SITH) 
0.5 
0.5 
1.2 
1.0 
2.0 
2.0 


Vdc 


Gate-Source On Voltage 
(Vos = 15 Vdc, VQ2S = 10 Vdc, lo = 10 mAdc) 
VG1S(on) 
2.0 
2.6 
4.0 
Vdc 


"On" Drain Current 
(Vds = 15 Vdc,VQ2S = 1° Vdc,Vqis = 3.0 Vdc) 
•D(on) 
5.0 
15 
20 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer AdmittanceO) 
(Vds = 15 Vdc,VQ2S = 1° Vdc,Id = 10 mAdc,f = 1.0 kHz) 
(Vds = 15 Vdc,VQ2S = 1° Vdc,Id = 10 mAdc,f = 200 MHz) 
lYfsl 


Vis 


10 
12 
10.57-j6.86 
20 
mmhos 


Input Adm'rttanced) 
(Vds = 15 Vdc,VQ2S = 1° Vdc, Id = 10 mAdc, f = 200 MHz) 
Vis 
— 
0.524 + J4.27 
— 
mmhos 


Reverse Transfer AdmittanceO) 
(Vds = 15 Vdc,VQ2S = 1° Vdc,Id = 10 mAdc,f = 200 MHz) 
Vrs 
— 
-1.7-J9.8 
— 
Mmhos 


Output AdmittanceO) 
(Vds = 15 Vdc,VQ2S = 1° Vdc,Id = 10 mAdc,f = 200 MHz) 
IVosI 
— 
0.126+J1.79 
— 
mmhos 


Input Capacitance 
(VDS = 15 Vdc,VQ2S = 10 Vdc,Vqi = 2.5 Vdc,f = 1.0 MHz) 
ciss 
— 
3.3 
4.0 
pF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc,VQ2S = 10Vdc,Vqi = 2.5 Vdc.f = 1.0 MHz) 
Crss 
— 
0.015 
0.03 
pF 


Output Capacitance 
(Vds = 15Vdc.VQ2S = 10Vdc,Vqi = 2.5Vdc, f = 1.0 MHz) 
coss 
— 
1.1 
2.5 
pF 


MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CHARACTERISTICS (Ta ° 25X unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


FUNCTIONAL CHARACTERiSTICS 


Noise Figure (Figures 1 and 9) 
(Vds = 15 vdc. vqg = 10 v, f = 200 mhz) 


NF 
— 
1.7 
3.5 
dB 


Common Source Power Gain (Figures 1 and 9) 
(Vds = 15 Vdc.Vqg = 10 V, f = 200 MHz, 
BW = 7.0 MHz (Min)) 


Gps 
21 
25 
dB 


(1)All y-parameters are with respect to Gate 1. 


figure 1 - 
200 mhz noise figure and power gain testcircuit 
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TYPICAL CHARACTERISTICS 


FIGURE 2 - 
DRAIN CURRENT versus DRAIN to 
SOURCE VOLTAGE 
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FIGURE 3 - 
DRAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE 
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FIGURE 4 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus GATE-ONE to 
SOURCE VOLTAGE 
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FIGURE 6 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus GATE-TWO to 


SOURCE VOLTAGE 


4.0 


- 
3.5 


UIU 
oz 


H 


<-> 9 


Cob 


v 
u0 
)S'I5 
IS- 2 5 
V 
V 
f- 1.0 MHi 


1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10 


VQ2S - GATE TW0T050URCE VOLTAGE IVOLTS) 


FIGURE 8 - 
COMMON SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus DRAIN CURRENT 
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FIGURE S - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus DRAIN CURRENT 
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FIGURE 7 - 
COMMON SOURCE POWER GAIN versus 
DRAIN 
SUPPLY 
CURRENT 
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FIGURE 9 - 
COMMON SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 
GATE-SUPPLY VOLTAGE 
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FIGURE 10 - 
SMALL-SIGNAL GATE ONE 
INPUT ADMITTANCE versus FREQUENCY 


FIGURE 11 
- 
SMALL-SIGNAL COMMON SOURCE 
GATE ONE FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 12 - 
SMALL-SIGNAL COMMON SOURCE 
OUTPUT ADMITTANCE versus FREQUENCY 
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MPF820 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
RF AMPUFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
25 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
25 
Vdc 


Forward Gate Current 
'G(f) 
10 
mAdc 


Total Device Dissipation (a T/\ = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
tj. Tstg 
-65 to +150 
°c 


ELECTRICAL CHARACTERISTICS (Ta 
==• 25°C unless otherwise noted.) 


Characteristic 
Symbol 
| 
Min 
| 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 /xAdc, VDS = 0) 
V(BR)GSS 
25 
— 
— 
Vdc 


Gate Reverse Current 
(VGS= 15Vdc,VDs = 0) 
<GSS 
— 
— 
5.0 
nAdc 


Gate Source Cutoff Voltage 
(Vds = 15 Vdc, Id = 200 A*Adc) 
vGS(off) 
— 
— 
5.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(VDS= 15Vdc,VGs = 0) 
'DSS 
10 
— 
— 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
lYfsl 
— 
20 
— 
mmhos 


Input Capacitance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 MHz) 
ciss 
— 
15 
— 
PF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 MHz) 
Crss 
— 
3.5 
— 
pF 


Common-Gate Input Conductance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 
9ig 
— 
16 
— 
mmhos 


Common-Gate Output Conductance 
(VDs = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 
Gog 
— 
— 
16 
fjjnhos 


Common-Gate Forward Transadmittance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 
vfg 


— 
18 
— 
mmhos 


Common-Gate Reverse Transadmittance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 
Vrg 
— 
— 
130 
fimhos 


Output Capacitance 
(VDs = 15 Vdc, Id = 10 mAdc, f = 1.0 kHz) 
Cqss 
— 
3.5 
— 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc, Id = 10 mAdc, See Figure 5) 
NF 
— 
— 
4.0 
dB 


Small-Signal Power Gain 
(Vds = 15 Vdc, Id = 10 mAdc, See Figure 5) 
Gpg 


— 
11 
— 
dB 
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FIGURE 1 -NOISE FIGURE 
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FIGURE 2 - FORWARD TRANSADMITTANCE 
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FIGURE 4 -OUTPUT AND REVERSE 
TRANSFER CAPACITANCE 
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FIGURE 5 -100 MHz TEST CI RCUIT 
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MPF930 
MPF960 
MPF990 


CASE 29-03, STYLE 22 
TO-226AE 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


Refer to MFE930 for graphs. 


MAXIMUM RATINGS 


Rating 
Symbol 
MPF930 
MPFS60 
MPF390 
Unit 


Drain-Source Voltage 
vDs 
35 
60 
SO 
Vdc 


Drain-Gate Voltage 
vdg 
35 
60 
SO 
Vdc 


Gate-Source Voltage 
vgs 
±30 
Vdc 


Drain Current 
Continuous (1) 
Pulsed (2) 
•d 
•dm 


2.0 
3.0 


Adc 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
1.0 
8.0 
Watts 
mWVC 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to 150 
•C 


Thermal Resistance 
0JA 
125 
'CAN 


(1)The Power Dissipation of the package may result in a lower continuous drain 


current. 
(2) Pulse Width * 300 us, Duty Cycle *s 2.0%. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs = 0, Id = 10ftA) 
MPFS30 
MPFS60 
MPFSS0 


V(BR)DSX 
35 
60 


SO 


- 


- 


Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc, Vds = 01 
<GSS 
- 
- 
50 
nAdc 


ON CHARACTERISTICS* 


Zero-Gate-VoltageDrain Current 
(Vds = Maximum Rating,Vqs - 0) 
'DSS 
— 
— 
10 
ftAdc 


Gate Threshold Voltage 
(Id = 1-0mA, Vds = vqs) 
VGS(Th) 
1.0 
— 
3.5 
Vdc 


Drain-Source On-Voltage (Vrjs = 10 V) 
(lD = 0.5A) 
MPFS30 
MPF360 
MPFSS0 


(ID = 1-0A) 
MPFS30 
MPF360 
MPF990 


(lD = 2.0A) 
MPFS30 
MPFS60 
MPF9S0 


VDS(on) 


- 


0.4 
0.6 
0.6 


O.S 
1.2 
1.2 


2.2 
2.8 
2.8 


0.7 
0.8 
1.0 


1.4 
1.7 
2.0 


3.0 
3.5 
4.0 


Vdc 


Static Drain-Source On Resistance 
(Vqs = 10Vdc, Id = 1.0Adc) 
MPF930 
MPF960 
MPF930 


T)S(on) 


- 


0.9 
1.2 
1.2 


1.4 
1.7 
2.0 


Ohms 


On-State Drain Current 
(Vds = 25 V, Vqs = 10 V) 
<D(on) 
1.0 
2.0 
— 
Amps 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps ° 25 V, VpS = 0. f = 1-0 MHz) 
60 
70 
pF 


Reverse Transfer Capacitance 
(Vps " 25 V,Vqs = 0. f = 1-0MHz) 
13 
18 
PF 


Output Capacitance 
(Vps = 25 V.Vqs ° 0. f = 1-0MHz) 
49 
60 
pF 


Forward Transconductance 
(Vps = 25 V. lp = 0.5 A) 
Sfs 
200 
380 
mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 
7.0 
15 


Turn-Off Time 
»off 
7.0 


•Pulse Test: Pulse Width <s 300 fts, Duty Cycle <s2.0%. 
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MPF970 
MPF971 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
25 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Reverse Gate-Source Voltage 
Vgsr 
30 
Vdc 


Forward Gate Current 
"G(f) 
10 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
350 
2.8 
mW 
mW/T 


Storage Channel Temperature Range 
Tstq 
-65 to +150 
°C 


Operating Temperature Range 
"•"channel 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0 jiAdc, VDS = 0) 
V(BR)GSS 
30 
- 
- 
Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc, vDs = 0) 
(Vqs = 15 Vdc, Vds = 0,TA = 150°C) 


>GSS 


- 
- 
1.0 
1.0 
nAdc 
ftAdc 


Drain-Cutoff Current 
(VDS = 15 Vdc, VGS = 12 Vdc) 
MPF970 
(Vds = 15 Vdc, Vqs = 12 Vdc, TA = 150°C) 
MPF970 
(Vds = 15 Vdc, Vqs = 7.0 Vdc) 
MPF971 
(Vds = 15 Vdc, Vqs = 7.0 Vdc, TA = 150°C) 
MPF971 


<D(off) 


- 


— 


10 
10 
10 
10 


nAdc 
ftAdc 
nAdc 
juAdc 


Gate Source Cutoff Voltage 
(VDS = 15 Vdc, lD = 10 nAdc) 
MPF970 
MPFS71 


VGS(off) 
5.0 
1.0 


- 
12 
7.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 
(vDs = 20 vdc, vGS = o) 
mpfs7o 
MPF971 


•dss 
15 
2.0 


- 
100 
50 


mAdc 


Drain-Source On-Voltage 
(ID = 10 mAdc, Vqs = 0) 
(lD = 15 mAdc, VGS = 0) 


VDS(on) 


- 
- 
1.5 
1.5 


Vdc 


Static Drain-Source On Resistance 
(ID = 1.0 mAdc, Vqs ° 0) 
MPF970 
MPFS71 


rDS(on) 


- 
- 
100 
250 


Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = 0, lD = 0, f = 1.0 kHz) 
MPF970 
MPF971 


rds(on) 


- 
- 
100 
250 


Ohms 


Input Capacitance 
(VGS = 12 Vdc, VDS = 0, f = I.O MHz) 
MPF970 
(Vqs = 7.0 Vdc, Vds = 0, f = 1.0 MHz) 
MPF971 


Cjs8 


- 
- 
12 
12 


pF 


Reverse Transfer Capacitance 
(Vqs = 12 Vdc, VDS = 0, f = 1.0 MHz) 
MPF970 
(Vqs = 7.o vdc, vds = o, f = i.o mhz) 
MPF971 


Crss 


- 
- 
5.0 
5.0 


PF 


MOTOROLA SEMICONDUCTORS 
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MPF970, MPF971 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


SWITCHINGCHARACTERISTICS(See Rgure 6, R« = 0) (D 


Rise Time 
('D(on) = 10mAdc, VGS(off) = 12Vdc) 
MPF970 
l'D(on) = 15 mAdc, VGS(off) = 7.0 Vdc) 
MPF971 


tr 


- 
2.0 
3.0 
5.0 
5.0 


ns 


Fall Time 
«D(on) = 10 mAdc,VGS(off) = 12Vdc) 
MPF970 
('D(on) = 1-5mAdc, VGS(off) = 7.0Vdc) 
MPF971 


tf 


- 
9.0 
68 
15 
80 


ns 


Tum-On Time 
«D(on) = 10 mAdc,VGS(0ff) = 12Vdc) 
MPF970 
('D(on) = 1-5 mAdc, VGS(0ff) = 7.0 Vdc) 
MPFS71 


ton 


- 
3.5 
5.0 
8.0 
10 


ns 


Turn-Off Time 
l'D(on) = 10 mAdc.VGS(0ff) - 12Vdc) 
MPF970 
I'Dlon) - 1-5mAdc, VGS(0ff) = 7.0 Vdc) 
MPF971 


toff 


- 
13 
88 
25 
120 


ns 


(1) Pulse Test: Pulse Width =s 100 us, Duty Cycle <s 1.0%. 


FIGURE 1 - EFFECT OF lDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 


ISO 


120 


SO 


40 


n 


\ 
1 
1 


UJ 
V 
'< 
\ 
S3 


«->S 


(an) ?VG 5=0. 
5z 
ir* 
3S2 
a; CO 


o 
*Bi [oHl 
S 


0 
10 
20 
30 
40 
50 
60 


(OSS. ZERO-GATE VOLTAGE DRAIN CURRENT (mA) 


12 ua 


U 
8.0 
£ 


FIGURE 2 - TURN-ON DELAY TIME 
FIGURE 3 - 
RISE TIME 
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MPF970, MPF971 


FIGURE 4 - TURN-OFF DELAV TIME 
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FIGURE 6 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 7 - TYPICAL FORWARD TRANSFER ADMITTANCE 
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NOTE 1 
The switching characteristics shown above were measured using a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage I+Vqq). The 
Drain-Source Voltage (Vos) is slightly lower than Drain Supply 
Voltage (Vqq) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crss) or Gate-Drain Capacitance (Cgg-) is charged to 
Vqg + VDS- 
During the turn-on interval, Gate-Source Capacitance (Cg$) 
discharges through the series combination of RGen 3nd RK- Cgd 
must discharge to VQs(on) through Rq and Rk in series with the 
parallel combination of effective 
load 
impedance 
(R'q) and 
Drain-Source Resistance (r^j). During the turn-off, this charge 
flow is reversed. 
Predicting turn-on time is somewhat difficult as the channel 
resistance r^ is a function of the gate-source voltage. While CgS 
discharges, Vqs approaches zero and rds decreases. Since Cgd 
discharges through r^, turn-on time is non-linear. During turn-off, 
the situation isreversed with rd$increasing as Cgdcharges. 
The above switching curves show two impedance conditions; 1) 
Rk is equal to Rq, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) R« - 0 (low 
impedance) the driving source impedance is that of the generator. 


FIGURE 8 - TYPICAL CAPACITANCE 
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MPF970, MPF971 


FIGURE 9 - 
EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 
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FIGURE 10 - 
EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
ON-STATE RESISTANCE 
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FIGURE 11 - 
LOW FREQUENCY CIRCUIT MODEL 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vgs 
30 
Vdc 


Gate Current 
"g 
50 
mA 


Total Device Dissipation @ Tt\ = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


MPF2608 
MPF2609 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
LOW-FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


Symbol 
Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
«G = 1.0M) 
V(BR)GSS 
30 
— 
Vdc 


Gate Reverse Current 
(Vqs = 5.0 Volts) 
•gss 
— 
10 
nA 


Gate Source Cutoff Voltage 
(Vqs = -5.0 V, lD = -1.0 ftA) 
VGS(off) 
1.0 
4.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
<VDS = -5.0 Volts) 
MPF2608 
MPF2609 


loss* 
-0.9 
-2.0 
-4.5 
-10.0 


mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = "5.0 Volts, f = 1.0 kHz) 
MPF2608 
MPF2609 


lYfsl* 
1000 
2500 


- 
Mmhos 


Input Capacitance 
(Vds = -5.0 Volts, Vqs = 1-0 V, f = 140 kHz) 
MPF2608 
MPF2609 


Cjss 


- 
17 
30 


PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(VDs = "5.0 Volts, f = 1.0 kHz, R = 1.0 meg) 
NF 
— 
3.0 
dB 


'Pulse Width <s 100 msec. Duty Cycle <s 10%. 
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MPF3330 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
LOW-FREQUENCY, LOW NOISE 


P-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Gate Voltage 
Vdg 
20 
Vdc 


Gate-Source Voltage 
vgs 
20 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
20 
Vdc 


Gate Current 
ig 
10 
mA 


Total Device Dissipation <& Ta = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/"C 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = 10 ftA) 
V(BR)GSS 
20 
— 
Vdc 


Gate Reverse Current 
(Vqs = 10 V) 
<GSS 
— 
10 
nA 


Gate Source Cutoff Voltage 
(VDS= -15 V, Id = 10 ftA) 
VGS(off) 
— 
6.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDs= -10 V) 
'DSS* 
2.0 
6.0 
mA 


Drain-Source Resistance 
(lD = 100 ftA, Vqs = 0) 
ros 
— 
800 
n 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VDS = -10 V, Id = 2.0 mA. f = 1.0 kHz) 
lYfsl* 
1500 
3000 
/xmhos 


Output Admittance 
(Yds = -10 V,Id = 2.0 mA,f = 1.0 kHz) 
lyosl 
— 
40 
jtmhos 


Input Capacitance 
(vDs = -10 volts, vqs = 10 volt, f = 1.0 mhz) 
Cjss 
— 
20 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vos = -50 V, Id = 1-0 mA, Rq = 10 MO) 


NF 
— 
3.0 
dB 


"Pulse Width «s 100 msec. Duty Cycle =s 10%. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
50 
Vdc 
Drain-Gate Voltage 
vdg 
50 
Vdc 
Gate-Source Voltage 
vgs 
-50 
Vdc 


Drain Current 
id 
10 
mAdc 
Total DeviceDissipation <fc Ta, = 25°C 
Derate above 25 C 
pd 
310 
2.0 
mW 
mW/'C 
Junction Temperature Range 
tj 
125 
•c 
Storage Temperature Range 
TStQ 
-65 to 150 
»C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 
Symbol 


MPF3821 
MPF3822 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


Refer to 2IM4220for graphs. 


Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = -LOAiAdc v0s = 0) 
V(BR)GSS 
-50 
- 
Vdc 


Gate Reverse Current 
(vGs = -30 vdc, vDs = o) 
(Vqs = -30 Vdc,Vds = 0. TA = 150°C) 


'GSS 


- 
-0.1 
-100 


nAdc 


Gate Source Cutoff Voltage 
(ID= 0.5 nAdc, Vds = I5 Vdc) 
MPF3821 
MPF3822 


VGS(off) 


- 
-4.0 
-6.0 


Vdc 


Gate Source Voltage 
(ID = 50 /iAdc, Vds = 15 Vdc) 
MPF3821 
(ID = 200 /iAdc, Vds = I5 Vdc) 
MPF3822 


vgs 
-0.5 
-1.0 
-2.0 
-4.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current!1) 
(V0s = 15 Vdc, Vqs = 0) 
MPF3821 
MPF3822 


'DSS 
0.5 
2.0 
2.5 
10 


mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz)(1) 
MPF3821 
MPF3822 


(Vds = 15 Vdc, Vqs = O,f = IOO MHz) 
MPF3821 
MPF3822 


lYfsl 
1500 
3000 


1500 
3000 


4500 
6500 


/imhos 


Output AdmittanceO) 
(Vos = 15 Vdc, Vqs = 0, f = 1.0 kHz) 
MPF3821 
MPF3822 


lYosI 


- 
10 
20 


jM.mhos 


Input Capacitance 
(Vqs = 15 Vdc, Vqs = 0, f = 1.0 MHz) 
ciss 
— 
6.0 
PF 


Reverse Transfer Capacitance 
(Vds = 15 Vdc, VGS = 0, f = 1.0 MHz) 
Crss 
— 
3.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 Vdc,Vqs = 0, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 


NF 
— 
5.0 
dB 


Equivalent Input Noise Voltage 
(Vds = 15 Vdc, Vgs = 0, f = 10 Hz. Noise Bandwidth = 5.0 Hz) 
en 
— 
200 
nv/Hz'A 


(1)Pulse Test: Pulse Width * 100 ms. Duty Cycle « 10% 
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MPF3823 
MPF3824 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH FREQUENCY 
AMPLIFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
MPF3823 
MPF3824 
vds 
30 
50 
Vdc 


Drain-Gate Voltage 
MPF3823 
MPF3824 
vdg 
30 
50 
Vdc 


Reverse Gate-Source Voltage MPF3823 
MPF3824 
vgsr 
-30 
-50 
Vdc 


Gate Current 
<G 
10 
mA 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Lead Temperature 
tl 
300 
°C 


Operating and Storage Junction 
Temperature Range 
Tj.Tstg 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = -1.0 ftA) 


Gate Leakage Current 
(VGS= -20 V) 
Gate Source Cutoff Voltage 
(VpS " ISV.Ip = 0.5 nA) 


Gate Source Voltage 
(Vqs = 15 V,lp = 400 ftA) 


ON CHARACTERiSTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 15V) 


Characteristic 


SMALL-SIGNAL CHARACTERiSTICS 


Forward Transfer Admittance 
(Vds = 15 V, f = 1.0 kHz) 


Output Admittance 
(Vds = 16 V,f = 1.0 kHz) 


Input Capacitance 
(VDS = 1SV,f = 1.0 MHz) 


Reverse Transfer Capacitance 
(VDS = 15V,f = 1.0 MHz) 


Drain-Source "ON" Resistance 
(VGS ° 0. lp ° 0, f ° 10 kHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(vDs = 15 v, vGs =AL 
100 MHz) 


MOTOROLA SEMICONDUCTORS 


MPF3823 
MPF3824 


MPF3823 
MPF3824 


MPF3824 (Only) 


MPF3823 (Only) 
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Symbol 


V(BR)GSS 


IGSS 


VQS(off) 


vgs 


"DSS 


lYfsl 


lYosI 


rds(on) 


NF 


Min 


-30 
-50 


-1.0 


4.0 


Max 


-0.5 


-8.0 


-7.5 


20 


6500 


35 


6.0 


2.0 
3.0 


2.5 


Vdc 


nA 


Vdc 


Vdc 


mA 


/imhos 


/imhos 


PF 


PF 


Ohms 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unh 
Drain-Source Voltage 
vds 
40 
Vdc 
Drain-GateVoltage 
vdg 
40 
Vdc 
Reverse Gate-Source Voltage 
vgsr 
-40 
Vdc 


Forward Gate Current 
"gf 
50 
mA 
Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +150 
•C 


ELECTRfCAL CHARACTERISTICS (TA = 25,'C unlessotherwise noted.) 
LZ 
Characteristic 


OFF CHARACTERISTICS 
Symbol 


MPF3970 
MPF3971 
MPF3972 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Min 
Max 
Unft 


Gate-Source Breakdown Voltage 
(Iq = 1.0 ftA,Vqs = 0) 
V(BR)GSS 
40 
- 
Vdc 


Drainto Gate Leakage 
(vDg = 20 v. is = o) 
'DGO 
— 
250 
PA 


Gate Reverse Current 
(VGS = 20 V, VDS = 0) 
•gss 
— 
250 
PA 


Gate Source Cutoff Voltage 
(Vds = "20 V, lp = 1.0 nA) 
MPF3970 
MPF3971 
MPF3972 


vGS(off) 
-4.0 
-2.0 
-0.5 


-10.0 
-5.0 
-3.0 


Vdc 


Drain Source Voltage 
(VGS = 0) 
(ID = 20 mA) 
MPF3970 
(ID = 10 mA) 
MPF3971 
(ID = 5.0 mA) 
MPF3972 


vqs 


- 
1.0 
1.5 
2.0 


Vdc 


Drain Cutoff Current 
(vDs = 2ov, vgs = -12 v) 
'D(off) 
— 
250 
PA 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VDS = 20 V, Vqs = 0) 
MPF3970 
MPF3971 
MPF3972 


•dss 
50 
25 
5.0 


150 
75 
30 


mA 


Drain-Source "ON" Resistance 
(ID = 1.0 mA, Vqs = 0) 
MPF3970 
MPF3971 
MPF3972 


rDS(on) 


- 
30 
60 
100 


n 


Input Capacitance 
(Vds = 20 v, vqs = o, f = 1.0 mhz) 
Ciss 
— 
25 
PF 


Reverse Transfer Capacitance 
(vDs = 0, vqs = -12 v, f = 1.0 mhz) 
Crss 
— 
6.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Drain-Gate Leakage 
(vDG - 20 v. is = 0,TA = 150°C) 


Drain Cutoff Current 
(Vps = 20 v, vGs ° -12 v, ta = isox) 


SMALL-SIGNAL DEVICES 


6-177 


'DGO 
500 


'D(off) 
500 
nA 


MOTOROLA SEMICONDUCTORS 


MPF3970, MPF3971, MPF3972 


ELECTRICAL CHARACTERiSTICS (continued) (TA = 25"C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
UnH 
1 


Drain-Source "ON" Resistance 
(ID = 0, Vqs = 0, f = 1.0kHz) 
MPF3970 
MPF3971 
MPF3972 


rds(on) 


- 
30 
60 
100 


n 
' 


SWITCHING CHARACTERISTICS 


Switching Characteristics 
(MPF3970 Only) 
(Vpp = 10V,Vqs = 0. 'D(on) = 20 mA, VGS(off) = 10V) 


»d(on) 
tr 
«off 


- 


10 
10 
30 


nsec 


nsec 


nsec 


Switching Characteristics 
(MPF3971 Only) 
(Vpp = 10V,Vqs = 0. lD(on) = 10mA, VGS(off) = 5.0V) 


td(on) 
tr 
toff 


- 


15 
15 
60 


nsec 


nsec 
nsec 


Switching Characteristics 
(MPF3972 Only) 
(Vpp = 10V, VGS = 0, lp(on) = 5.0mA, VGS(off) = 3.0V) 


td(on) 
tr 
toff 


- 


40 
40 
100 


nsec 


nsec 


nsec 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 
Gate-Source Voltage 
vgs 
-40 
Vdc 


Gate Current 
ig 
10 
mA 
Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
350 
3.0 
mW 
mW/°C 
Lead Temperature 
(1/16" from Case for 10 Seconds) 
tl 
300 
°C 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-55 to +150 
•c 


ELECTRICAL CHARACTERISTICS (TA ° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Symbol 


MPF4093 


CASE 29-03, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Min 
Max 
Unit 


Gate-Source Breakdown Voltage 
«G = 1.0 ftA,Vds = 0) 
V(BR)GSS 
-40 
- 
Vdc 


Gate Reverse Current 
(vDg = -20 V, is = oi 
'DGO 
— 
1.0 
nA 


Drain-Gate Leakage 
(Vdg = -20 v, is = o, ta = 150°C) 
>DGO 
— 
400 
nA 


Drain Cutoff Current 
(Vds = 2ov, vqs = -6.0 vj 
'D(off) 
— 
1.0 
nA 


Drain-Gate "OFF" Current 
(Vps = 20 V,Vqs = -60 V, TA = 150'C) 
'D(off) 
— 
400 
nA 


Gate 1 to Source Cutoff Voltage 
(VDS = 20V,lp = 1.0 nA) 
vG1S(off) 
-1.0 
-5.0 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 v, vGs = o) 


Drain-Source On-Voltage 
(VGS " 0> 'D = 2.5 mA) 


Static Drain-Source On Resistance 
(Vqs = 0, lp = 1.0 mA) 
(VGS ° 0, lp = 0. f ° 1.0 kHz) 


SMALL-SIGNAL CHARACTERISTICS 


'DSS 


VDS(on) 


rDS(on) 


8.0 


0.2 


80 
80 


mA 


Vdc 


I InputCapacitance 
(Vds = 20 V, Vqs = 0, f = 1.0 MHz) 
ciss 
- 
16 
pF 


I Reverse Transfer Capacitance 
I 
(Vds = 0, vGs = -20v,f = 1.0 mhz) 
Crss 
— 
5.0 
PF 


SWITCHING CHARACTERISTICS 


Delay Time 
td 
20 
ns 
Rise Time 
tr 


_ 
40 
ns 
Turn-Off Time 
toff 
- 
80 
ns 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MPF4117.A 
MPF4118yA 
MPF4119.A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
DC AMPLIFIER TRANSISTOR 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vDs 
-40 
Vdc 


Drain-Gate Voltage 
vdg 
-40 
Vdc 


Gate Current 
'G 
50 
mAdc 


Total Device Dissipation (5 TA = 25X 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/°C 


Storage Channel Temperature Range 
Tsto 
-65 to +125 
°C 


ELECTRICALCHARACTERISTICS (TA = 25X unless otherwise noted.) 
Unit 
| 
Characteristic 
Symbol 
Min 
Max 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(VpS = 0. 'G = -1.0 ftAdc) 


Gate Reverse Current 
(Vqs = 20 vdc, vDs = o> 


(Vqs = 20Vdc, Vds = 0, TA = 125°C) 


Gate Source Cutoff Voltage 
(Vds = 1° Vdc,Id = 10 nAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 
(vDs = 10 vdc, vqs = o) 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps ° io vac Vgs 
0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(vDS = io vdc, Vqs = °>f = 1° MHz> 


MPF4117,4118,4119 
MPF4117A.4118A.4119A 


MPF4117,4118,4119 
MPF4117A,4118A,4119A 


MPF4117.A 
MPF4118.A 
MPF4119.A 


V(BR)GSS 


>GSS 


VGS(o«) 


-40 


-0.6 
-1.0 
-2.0 


-10 
-1.0 


-25 
-2.5 


-1.8 
-3.0 
-6.0 


Vdc 


pAdc 


nAdc 


Vdc 


idss 
mAdc 


MPF4117.A 
0.03 
0.09 


MPF4118.A 
0.08 
0.24 


MPF4119.A 
0.20 
0.60 
I 


3.0 
pF 


1.5 
pF 


Common-Source Forward Transconductance 
(Vps = 10 Vdc,Vqs = 0, f = 1.0 kHz) 
MPF4117,A 
MPF4118.A 
MPF4119.A 


Ofs 
70 
80 
100 


210 
250 
330 


/imhos 


Common-Source Output Conductance 
(Vps = 10Vdc,Vqs = 0, f = 1.0 kHz) 
MPF4117,A 
MPF4118.A 
MPF4119.A 


(1) |Dss ismeasured during a 2.0 msinterval 100 msafter power isapplied. 


MOTOROLA SEMICONDUCTORS 


6-180 


Oos 
3.0 
5.0 
10 


/imhos 


SMALL-SIGNAL DEVICES 


MPF4117.A, MPF4118.A, MPF4119.A 


RGURE 1 — TRANSFER CHARACTERISTICS 
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FIGURE 2 — TRANSCONDUCTANCE CHARACTERISTICS 
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SMALL-SIGNAL DEVICES 


FIGURE 3 — CAPACITANCE versus DRAIN-SOURCE VOLTAGE 
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MOTOROLA SEMICONDUCTORS 


6-181 


MPF4220.A 
MPF4221.A 
MPF4222.A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
LOW-FREQUENCY 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Gate-Source Voltage 
vqs 
30 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
30 
Vdc 


Gate Current 
ig 
10 
mA 


Total Device Dissipation (a TA = 25°C 
Derate above 25°C 
pd 
310 
2.82 
mW 
mW/°C 


Storage Temperature Range 
Tsta 
-65 to +150 
°C 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 
| 
Max 
I 
Unit 
[ 
Characteristic 
Symbol 
Min 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG = -10/iA,Vps = 0 V) 


Gate Reverse Current 
(Vgs ° -isv.vps = ov) 


Gate Source Cutoff Voltage 
(Vps = 15 V, lp = 0.1 nA) 


Gate Source Voltage 
(Vds = is v. Id = so ma) 
(Vds = 15 V, id = 200/iA) 
(VpS " 15 V, lp = 500 ftA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 15 volts, vqs = ov) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15V,f = 1.0 kHz, Vqs = 0 V) 


Output Admittance 
(v0s = 15v. f = 1.0 kHz,vqs = ° v> 


Input Capacitance 
(VpS = 15 V.f = 1.0 MHz) 


Reverse Transfer Capacitance 
(VpS = 15V.f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(VDS = 15 V, f 
100 Hz, Rq = 1.0 Mil) 


•Pulse Width s 100 msec. Duty Cycle « 10%. 


MOTOROLA SEMICONDUCTORS 


MPF4220.A 
MPF4221.A 
MPF4222.A 


MPF4220.A 
MPF4221.A 
MPF4222.A 


V(BR)GSS 


<GSS 


VGS(off) 


VGS 


-30 


-0.5 
-1.0 
-2.0 


-4.0 
-6.0 
-8.0 


-2.5 
-5.0 
-6.0 


Vdc 


pA 


Vdc 


Vdc 


IDSS* 
mA 


MPF4220.A 
+ 0.5 
+ 3.0 
MPF4221.A 
+ 2.0 
+ 6.0 
MPF4222.A 
+ 5.0 
+ 15.0 


MPF4220.A 
MPF4221.A 
MPF4222.A 


MPF4220,A 
MPF4221.A 
MPF4222.A 


MPF4220.A 
MPF4221.A 
MPF4222.A 


6-182 


lYfsl* 
1000 


2000 


2500 


4000 


5000 


6000 


10 
20 
40 


6.0 


2.0 


/imhos 


/imhos 


pF 


pF 


dB 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Drain-Source Voltage 
vds 
30 
Vdc 


Drain-Gate Voltage 
vdg 
30 
Vdc 


Drain Current 
id 
20 
mA 


Gate Current 
ig 
10 
mA 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
300 
2.0 
mW 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55 to +150 
°C 


MPF4223 
MPF4224 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH-FREQUENCY 
AMPURER 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERiSTICS (TA = 25«Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unft 
| 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lG= -10/iA) 
V(BR)GSS 
-30 
— 
Vdc 


Gate 1 Leakage Current 
(VG1S= -20 V) 
MPF4223 
MPF4224 


•giss 


- 
0.25 
0.50 


nA 


Gate Source Cutoff Voltage 
(lp = 0.25 nA, VDS = 15 V) 
(lp = 0.5 nA, VpS = 15 V) 


MPF4223 
MPF4224 


VGS(off) 
-0.1 
-0.1 
-8.0 
-8.0 


Vdc 


Gate Source Voltage 
«D = 0.3 mA, VDs = 15 V) 
(lp = 0.2 mA, V0S = 15 V) 


MPF4223 
MPF4224 


vqs 
-1.0 
-1.0 
-7.0 
-7.5 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 15 V) 
MPF4223 
MPF4224 


idss 
3.0 
2.0 
18 
20 


mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 V,Vqs = 0 V,f = I.O kHz) 
MPF4223 
MPF4224 


lyfsl 
3000 
2000 
7000 
7500 


/imhos 


Output Conductance 
(VDS = 15 V,Vqs = 0 V,f = 200 MHz) 
Re(y08) 
— 
200 
/imhos 


Input Capacitance 
(Vds = 15 V, Vqs = 0 V, f = 1.0 MHz) 
Cjss 
— 
6.0 
PF 


Reverse Transfer Capacitance 
(v0s = 15 v, vqs = 0 v, f = 1.0 mhz) 
Crss 
— 
2.0 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = is v, Vqs = 0 v, Rq = 1.0 kn, f = 200 mhz) 
MPF4223 (Only) 
NF 
— 
S.O 
dB 


Common Source Power Gain 
(Vds = 15 V, Vqs = 0 V, f = 200 MHz) 
MPF4223 (Only) 
Gps 
10 
— 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


6-183 


MPF4391 
MPF4392 
MPF4393 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Drain-Source Voltage 
vds 
30 
Vdc 
Drain-Gate Voltage 
vdg 
30 
Vdc 
Gate-Source Voltage 
vgs 
30 
Vdc 


Forward Gate Current 
'G(f) 
50 
mAdc 
Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
625 
5.0 
mW 


. mW/'C 
Operating and Storage Channel 
Temperature Range 
Tchannelr 
TStQ 
-65 to +150 
•C 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0 ftAdc.Vds = 0) 
V(BR)GSS 
30 
- 
- 
Vdc 


Gate Reverse Current 
(Vqs = 15 Vdc, VDs = o) 
(Vqs = 15 Vdc, VDs = o. TA = 100°C) 


>GSS 


- 
- 
1.0 
0.2 
nAdc 
ftAdc 


Drain-Cutoff Current 
(Vds = 15 Vdc, Vqs = 12 Vdc) 
(Vos = 15 Vdc, Vqs = 12 Vdc, TA = 100X) 


'D(off) 


- 
- 
1.0 
0.1 
iiAdc 
ftAdc 
Gate Source Voltage 
(VDS = 15 Vdc, Id = 10 nAdc) 
MPF4391 
MPF4392 
MPF4393 


VGS 
4.0 
2.0 
0.5 


- 
10 
5.0 
3.0 


Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 
(Vds = 15 Vdc, Vqs = 0) 
MPF4391 
MPF4392 
MPF4393 


•dss 
60 
25 
5.0 


- 


130 
75 
30 


mAdc 


Drain-Source On-Voltage 
(ID = 12 mAdc, Vqs = 0) 
MPF4391 
(ID = 6.0 mAdc, Vqs = 0) 
MPF4392 
(ID = 3.0 mAdc, Vqs = 0) 
MPF4393 


VDS(on) 


- 


- 
0.4 
0.4 
0.4 


Vdc 


Static Drain-Source On Resistance 
(ID = 1.0 mAdc, Vqs = 0) 
MPF4391 
MPF4392 
MPF4393 


T)S(on) 


- 


- 
30 
60 
100 


Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, lp = 60 mAdc, f = 1.0 kHz) 
MPF4391 
(Vds = 15 Vdc. ID = 25 mAdc, f = 1.0 kHz) 
MPF4392 
(VDs = 15 Vdc. Id = 5.0 mAdc, f = 1.0 kHz) 
MPF4393 


lYfsl 


- 


20 
17 
12 


- 
mmhos 


Drain-Source "ON" Resistance 
(Vqs = 0, lD = 0, f = 1.0 kHz) 
MPF4391 
MPF4392 
MPF4393 


rds(on) 


- 
- 
30 
60 
100 


Ohms 


Input Capacitance 
(Vqs = 15 Vdc, VDS = 0, f = 1.0 MHz) 
CjS8 
— 
6.0 
10 
pF 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


6-184 


MPF4391, MPF4392, MPF4393 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


Reverse Transfer Capacitance 
Crss 
pF 
(Vqs = 12 Vdc,Vds = 0, f = 1.0 MHz) 
— 
2.5 
3.5 
I 
IVDS = 15Vdc. Id = 10mAdc, f = 1.0 MHz) 
3.2 
— 


SWITCHING CHARACTERISTICS 


Rise Time (See Figure 2) 
tr 
ns 
('D(on) = 12 mAdc) 
MPF4391 
— 
1.2 
5.0 
t'D(on) = 60 mAdc- 
MPF4392 
— 
2.0 
5.0 
('D(on) = 3.0 mAdc) 
MPF4393 
— 
2.5 
5.0 


Fall Time (See Figure 4) 
tf 
ns 
(VGS(ofO = 12Vdc) 
MPF4391 
— 
7.0 
15 
(VGS(off) = 7.0Vdc) 
MPF4392 
— 
15 
20 
(VGS(off) = 5.0 Vdc) 
MPF4393 
— 
29 
35 


Turn-On Time (See Figures 1 and 2) 
ton 
ns 
l'D(on) = 12 mAdc) 
MPF4391 
— 
3.0 
15 
<'D(on) = 0.0 mAdc) 
MPF4392 
— 
4.0 
15 
>'D(on) = 3.0 mAdc) 
MPF4393 
— 
6.5 
15 


Turn-Off Time (See Figures 3 and 4) 
toff 
ns 
(VGS(off) = 12Vdc) 
MPF4391 
— 
10 
20 
(VGS(off) = 7.0 Vdc) 
MPF4392 
— 
20 
35 
(VGS(off) = 5.0 Vdc) 
MPF4393 
— 
37 
55 


(1) Pulse Test: Pulse Width =s 100 fts, Duty Cycle <s 1.0%. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 -TURN-ON DELAY TIME 
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FIGURE 3 - TURN-OFF DELAY TIME 
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SMALL-SIGNAL DEVICES 


FIGURE 2 - 
RISE TIME 
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FIGURE 4-FALL TIME 


1000 


500 


200 


•g 
100 


S 
SO 


=? 
10 


S.O 


2.0 


1.0 


1 
1 
ETj'25«CE 


•• 
K-Ro' — 
' •• 
•— -MPM39Z 
•»*•»".,„„ 


£ = 3 :;5=s; 


•5.1 
V 


Mrs^ 
X^ 
^ 


I K-*y 
•» 
^> ^r= 


*r"' 


'*•• 


2.0 
3.0 
5.0 
7.0 
10 


10. DRAIN CURRENT (mA) 


MOTOROLA SEMICONDUCTORS 


6-185 


MPF4391, MPF4392, MPF4393 


FIGURE S - 
SWITCHING TIME TEST CIRCUIT 
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FIGURE 6 - TYPICAL FORWARD TRANSFER ADMITTANCE 
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FIGURE 8 - 
EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 
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MOTOROLA SEMICONDUCTORS 


NOTE1 
The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. 
At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (-Vgg). The 
Drain-Source Vottage (Vqs> is slightly lower than Drain Supply. 
Voltage (VQrj) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Cfjj) or Gate-Orain Capacitance (Cgrj) is charged to 
vgg ♦ vDs 
During the turn-on interval, Gate-Source Capacitance (CJ dis 
charges through the series combination of RQen and R«. 
Cgd 
must discharge to VQS(on) through Rq and R« in serieswith the 
parallel combination of effective load impedance (R'q) and Drain- 
Source Resistance (r^j). 
During the turn-off, this charge flow is 
reversed. 
Predicting turn-on time is somewhat difficult as the channel 
resistance r,js isa functionof the gate-source voltage. While Cgs 
discharges, Vqs approaches zeroand rasdecreases. Since Cgd 
discharges through rai,turn-on timeisnon-linear. During turn-off, 
the situationisreversed with rds increasing asCgdcharges. 
The above switching curves show two impedance conditions; 1) 
Rk is equal to Rq' which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally the 
load impedance of the previous stage, and 2) R« - 0 (low imped 
ance) the driving source impedance is that of the generator. 


FIGURE 7 - 
TYPICAL CAPACITANCE 


•••• 
Cgs" 


r^v 
- • Cgd - 


Teh. 
ICdi 
inn«l"2 
iltwjlig 
5°C 
ble) 


'II 


0.1 
0.3 0.5 
li) 
3.0 5.0 
10 


Vr.REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - 
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SMALL-SIGNAL DEVICES 


MPF4391, MPF4392, MPF4393 
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FIGURE 10 - EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 
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NOTE 2 


The Zero-Gate-VoltageDrainCurrent (IDSS'' '*,ne principledeter- 
g 
minant of other J-FET characteristics. 
Figure 10 shows the 
< 
relationship of Gate-Source Off Voltage (VGS(off)' and Drain- 
^ 
Source On Resistance(rd,(on)) to Idss- 
Mostof the deviceswill 
2_ bewithin ±10% of the values shown in Figure 10. This data will 
£0 be useful in predicting the characteristic veriationt for a given 
part number. 
For example: 
Unknown 
rdt(on) and Vqs range for an MPF4392 
The electrical characteristics table indicates that an MPF4392 
has an Ipss range of 25 to 75 mA. 
Figure 10, shows 'at[on) 
- 52 Ohms for Ipss " 25 mA and 30 Ohms for IrjsS " ?5 mA. 
The corresponding Vqs values are 2.2 volts and 4.8 volts. 
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MPF4416.A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
HIGH-FREQUENCY 
AMPUFIER 


N-CHANNEL — DEPLETION 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Gate-Source Voltage 
MPF4416 
MPF4416A 


vqs 
-30 
-35 


Vdc 


Gate Current 
>G 
10 
mA 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
300 
1.7 
mW 
mW/°C 


Lead Temperature 
tl 
300 
"C 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS(Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
1 
Unh 
1 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 ftA) 
MPF4416 
MPF4416A 


V(BR)GSS 
-30 
-35 


- 


Vdc 


Gate Reverse Current 
(Vqs = -20 V) 
>GSS 
— 
-250 
PA 


Gate Source Cutoff Voltage 
(Vds = 15 V. Id = 10 nA) 
MPF4416 
MPF4416A 


VGS(off) 


-2.5 
-6.0 
-6.0 


Vdc 


ON CHARACTERISTICS 


Zerc-Gate-Voltage Drain Current* 
(VDS = 15 V) 
loss 
5.0 
15 
mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = IBV.f = 1.0 kHz) 
Ivfsl 
4500 
7500 
ftmhos 


Input Admittance 
(VDS = 15V,f = 100 MHz) 
(VDS = 15V,f = 400 MHz) 


Re(yjs) 


- 
100 
1000 


jtmhos 


Output Admittance 
(Vds = 15V,f = 1.0 kHz) 
lYosI 
— 
50 
/imhos 


Output Conductance 
(Vds = 15 V. f = 100 MHz) 
(VDS = 15 V, f = 400 MHz) 


Re(yos) 


- 
75 
100 


/imhos 


Forward Transconductance* 
(VDS = 15 V, f = 400 MHz) 
Re(yfs) 
4000 
— 
/imhos 


Input Capacitance 
(VDs = 15 V, f = 1.0 MHz) 
CjSs 
— 
4.0 
pF 


Reverse Transfer Capacitance 
(Vqs = 15V,f = 1.0 MHz) 
Crss 
— 
0.8 
pF 


Output Capacitance 
(Vqs = 15V,f = 1.0 MHz) 
coss 
— 
2.0 
PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 15 v, io = 5.o mA, Rq = 1.0 kn, f = 100 mhz) 
(Vds = 15 V, Id = 5.0 mA, RG = 1.0 kn, f = 400 MHz) 


NF 


- 
2.0 
4.0 


dB 


Common Source Power Gain 
(Vqs = 15 V, Id = 5.0 mA, f = 100 MHz) 
(VDS = 15 V, Id = 5.0 mA, f = 400 MHz) 


Gps 
18 
10 


- 


dB 


•Pulse Test Duration = 2.0 msec. 
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MAXIMUM RATINGS 


Rating 
Symbol 


MPF48S6,A 
MPF4857A 
MPF4858A 


MPF4859.A 
MPF486CA 
MPF4861,A 
Unit 


Drain-Source Voltage 
vds 
+40 
+ 30 
Vdc 


Drain-Gate Voltage 
vdg 
+40 
+ 30 
Vdc 


Reverse Gate-Source Voltage 
vgsr 
-40 
-30 
Vdc 


Forward Gate Current 
IGF 
50 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
360 
2.4 
mW 
mW/°C 


Storage Temperature Range 
Tstq 
-65 to +150 
"C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.] 


Characteristic 


OFF CHARACTERISTICS 


MPF4856.A 
thru 
MPF4861,A 


CASE 29-02, STYLE 5 
TO-92 (TO-226AA) 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Refer to 2N4856 for graphs. 


Symbol 
MIn 
Max 
Unit 


Gate-Source Breakdown Voltage 
(Iq = 1.0 iiAdc, Vds = 0) 
MPF4856A MPF4857.A, MPF4858.A 
MPF4859.A, MPF4860.A, MPF4861.A 


V(BR)GSS 
-40 
-30 


- 


Vdc 


Gate Reverse Current 
(Vqs = -20 Vdc,Vds = 0) 
MPF4856A MPF4857.A, MPF4858.A 
(Vqs = -15 Vdc,Vds = 0) 
MPF4859A MPF4860A MPF4861.A 
(Vqs = -20 Vdc, Vds = 0,Ta = 150°C) MPF4856A MPF4857A MPF4858,A 
(Vqs = -15 Vdc, Vds = 0,TA = 150°C) MPF4859,A,MPF4860,A,MPF4861,A 


IQSS 


— 


0.25 
0.25 
0.5 
0.5 


nAdc 


ftAdc 


Gate Source Cutoff Voltage 
(VDS ** 15 Vdc, Id = 0.5 nAdc) 
MPF4856A MPF4859.A 
MPF4857A MPF4860.A 
MPF4858A MPF4861.A 


vGS(off) 
-4.0 
-2.0 
-0.8 


-10 
-6.0 
-4.0 


Vdc 


Drain Cutoff Current 
(V0S = 15 Vdc. Vqs = -10 Vdc) 
(Vds ° 15 Vdc, Vqs = -10Vdc,TA = 150°C) 


'D(off) 


- 
0.25 
0.5 
nAdc 
ftAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 
idss 
mAdc 
(VDS= 15 Vdc, Vqs = 0) 
MPF4856A MPF4859.A 
50 
— 
MPF4857A MPF4860.A 
20 
100 
MPF4858.A, MPF4861.A 
8.0 
80 


Drain-Source On-Voltage 
vDS(on) 
Vdc 
(ID = 20 mAdc, Vqs = 0) 
MPF4856A MPF4859.A 
— 
0.75 
(ID = 10 mAdc, Vqs =• 0) 
MPF4857A MPF4860.A 
— 
0.5 
(lD = 6.0 mAdc, Vqs = 0) 
MPF4858AMPF4861,A 
— 
0.5 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vqs = 0, Id = 0, f = 1.0 kHz) 
MPF4856.A,MPF4859.A 
MPF4857A MPF4860.A 
MPF4858A MPF4861.A 


rds(on) 


- 


25 
40 
60 


Ohms 


Input Capacitance 
(Vds = 0, Vqs = -10 Vdc, f = 1.0 MHz) MPF4856 thru MPF4861 
MPF4856A thru MPF4861A 


Ciss 


- 
18 
10 


PF 


Reverse Transfer Capacitance 
(Vds = 0. Vqs = -10 Vdc, f = 1.0 MHz) 
MPF4856 thru MPF4861 
MPF4856A, MPF4859A 
MPF4857A, MPF4858A, MPF4860A, MPF4861A 


Crss 


- 
8.0 
4.0 
3.5 


PF 


SMALL-SIGNAL DEVICES 
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MPF4856.A thru MPF4861.A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 


SWITCHING CHARACTERISTICS 


MIn 
Max 
Unh 


Turn-On 
Delay Time 
Conditions for MPF4856A MPF4859.A: MPF4856, MPF4859 
td(on) 


— 
6.0 
5.0 
6.0 
6.0 
10 
8.0 


ns 
MPF4856A, MPF4859A 
(Vdd = 10Vdc. lD(on) = 20 mAdc, 
MPF4857, MPF4860 
VQS(on) = 0,VGS(off) = -10 Vdc) 
MPF4857A. MPF4860A 
MPF4858, MPF4861 
MPF4858A, MPF4861A 


Conditions for MPF4857.A. MPF4860A MPF4856A MPF4859.A 
Rise Time 
tr 


- 
3.0 
4.0 
10 
8.0 


ns 
MPF4857A MPF4860.A 
(Vdd = 10Vdc, lo(on) = 10 mAdc, 
MPF4858, MPF4861 
VGS(on) = 0,VQS(off) = -6.0 Vdc) 
MPF4858A, MPF4861A 


MPF4856, MPF4859 
Conditions for MPF4858.A, MPF4861A MPF4856A. MPF4859A 
Turn-Off Time 
»off 
25 
20 
50 
40 
100 
80 


ns 
MPF4857, MPF4860 
(Vdd = 10Vdc, lD(on) = 5.0 mAdc. 
MPF4857A, MPF4860A 
VGS(on) = 0, VQS(off) = "4.0 Vdc) 
MPF4858, MPF4861 
MPF4858A; MPF4861A 


(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle <s 10%. 
(2) The lD(on) values are nominal;exact values vary slightlywith transistorparameters. 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Drain-Source Voltage 
vds 
25 
Vdc 


Gate-Source Voltage 
vgs 
25 
Vdc 


Gate Current 
>g 
20 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25 C 
pd 
500 
4.0 
mW 
mW/T 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +150 
"C 


ELECTRICAL CHARACTERISTICS (Ta = 25'Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq - 1.0mA.VDs = 0) 


Gate Reverse Current 
(VqS= -15 V) 
(Vgs °o.Ta° i2S°c) 


Gate Source Cutoff Voltage 
(Vds =• io v. id = 10 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current! 1) 
(Vds = 10 v, Vqs = o) 


Gate-Source Forward Voltage 
(Iq = 10 mA. Vps = 0) 


SWITCHING CHARACTERISTICS 


Common-Gate Forward Transconductance!1) 
(VDS = 10V.Id = 10 mA,f = 1.0 kHz) 


Common-Gate Output Conductance 
(VpS = 10 V.lp - 10 mA,f - 1.0 kHz) 


Drain-Gate Capacitance 
(VGS° -10V.VDS' 
10V,f = 1.0 MHz) 


Gate-Source Capacitance 
(VGS° -iov.Vds ° 10V,f 
1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage 
(VpS " 10 V.lp = 10 mA.f ° 100 Hz) 


U308 
U309 
U310 


U308 
U309 
U310 


U308 
U309 
U310 


(1) Pulse test duration = 2.0 ms. 
(2)See Figures10and 11for Noise Figureand Power Gaininformation. 
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V(BR)GSS 


>GSS 


VGS(off) 


Idss 


VGS(f) 


Bfg 


flog 


Cgd 


-gs 


en 


U308 
U309 
U310 


CASE 27-02, STYLE 4 
TO-52 (TO-206AC) 


JFET 
VHF/UHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Min 


-25 


-1.0 
-1.0 
-2.5 


Typ 


150 


10 


Max 


-150 
-150 


-6.0 
-4.0 
-6.0 


60 
30 
60 


1.0 


20 
20 
18 


2.5 


5.0 


Unft 


PA 
nA 


mA 


mmhos 


/imhos 


PF 


pF 


nVVHz 
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FIGURE 1 - 
450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 


t.oyy 
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C1 « C2 a 0.8 - 
10 pF. JFD »MVM010W. 
C3 = C4 • 8-35 pF Erio =539 002D. 
C5 » C6 => 5000 pF Erio (2443 000). 
C7 - 1000 pF. Allen Bradley »FA5C. 
RFC - 0.33 uH Miller #923030. 
L1 - One Turn *16 Cu. 1/4" I.D. (Air Core). 
L2p- One Turn »16 Cu. 1/4" I.D. (Air Core). 
L2s " One Turn S16 Cu. 1/4" I.D. (Air Core). 


FIGURE 2 - DRAIN CURRENT and TRANSFER 
CHARACTERISTICS versus GATE-SOURCE VOLTAGE 
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FIGURE 3 - 
FORWARD TRANSCONDUCTANCE 
versus GATE-SOURCE VOLTAGE 
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FIGURE 4 - COMMON-SOURCE OUTPUT 
AOMITTANCE and FORWARO TRANSCONDUCTANCE 
versus DRAIN CURRENT 
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FIGURE 5 - 
ON RESISTANCE and JUNCTION CAPACITANCE 
versus GATE-SOURCE VOLTAGE 
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FIGURE 6 - COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 


VfjS = OV 
Iq - 10mA 
TA>25°c 
v!1 


" 
v21 


v22 


Y|2 
I 
200 
300 
500 
700 
1000 


I. FREQUENCY (MHr) 


FIGURE 8 - COMMON-GATE Y PARAMETER 
PHASE-ANGLE versus FREQUENCY 
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FIGURE 10 - NOISE FIGURE end 
POWER GAIN versus ORAIN CURRENT 
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FIGURE 7 - COMMON-GATE S PARAMETER 
MAGNITUDE versus FREQUENCY 
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FIGURE 9 - S PARAMETER PHASE-ANGLE 


versus FREQUENCY 
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FIGURE 11 - 
NOISE FIGURE and 


POWER GAIN versus FREQUENCY 
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FIGURE 12-450 MHz IMD EVALUATION AMPLIFIER 


Byv <3dB) 
-• 36.5 MHr 
Iq - 10 mAdc 


VDS 
" 20 Vdc 
Dovice case grounded 
IM test tonot - 
M ' 449.S MHz, 12 
450.5 MHz 


CI - 1-10 pf Johanson Air variable trimmer. 
C2. C5 = 100 pf feed thru button capacitor. 
C3, C4, C6 - 0.5-6 pf Johanson Air variable trimmor 


Ll - 1/8" x 1/32" x 1-5/8" copper bar 
L2. L4 = Forroxcubo Vk200 choke. 
L3 - 1/8" x 1/32" x 17/8" copper bar. 


Amplifier power gainand IMD products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) valueis 29 dBm. Adjusting C4, C6 to provide largerload valueswill result in higher gain,smallerbandwidth and lower 
IPvalues.For example, a nominal gainof 13 dB can be achieved with an intercept point of 19 dBm. 
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FIGURE 13 - 
TWO TONE 3RD ORDER INTERCEPT POINT 
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Example of Intercept point plot use: 
Assume two in-bind signals of -20 dBm at the amplifier input. 
They will result In a 3rd order IMD signal at the output of -90 
dBm. 
Alto, each signal level ot the output will bo -11 dBm, show- 
ing an amplifier gain of 9.0 dB and an Intermodulation ratio (IMR) 
capability of 79 dB. The gain and IMR values apply only for signal 
levels below compression. 
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w 


CASE 20-03 
CASE 22-03 
CASE 26-03 
CASE 31A-01 
(TO-72) 
(TO-18) 
(TO-46) 


CASE 358-01 
CASE 654-02 
(TO-78) 


CASE 714-02 


Small-signal high-frequency transistors and hybrid modules 
from Motorola are characterized as low-noise amplifiers, oscil 
lators, high-speed switches, Class A linear amplifiers, and Class 
C amplifiers. Packaging options include plastic/ceramic stripline 
and metal can. 


RF Transistors 


7-1 


2N2857 
2N3839 


2N2857 
JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
30 
Vdc 


Emitter-Base Voltage 
vebo 
2.5 
Vdc 


Collector Current — Continuous 
"C 
40 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25"C 
PD 
200 
1.14 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
300 
1.72 
mW 
mW/X 


Storage Temperature 
Tstq 
-65 to +200 
°C 


ELECTRICALCHARACTERISTICS (Ta = 25"Cunless otherwise noted.) 


Characteristic 
Symbol 
Mih 
Typ 
Max 
Unft 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vottage* 
(lC = 3.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 1.0 ftAdc. l£ •= 0) 
v(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 ftAdc, lc = 0) 
v(BR)EBO 
2.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ie = 0) 
Both Types 
(Vcb = 15 Vdc, Ie = 0, Ta = 150°C) 
2N3839 


'CBO 


- 
- 
0.01 
1.0 


ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, Vce = 10 Vdc) 
hFE 
30 
— 
150 
— 


SMALL SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Productd) 
dC = 5.0 mAdc, Vce = 6.0 Vdc, f = 100 MHz) 
2N2857 
2N3839 


h 
1000 
1000 


- 
1900 
2000 


MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, |E = 0, f = 0.1 to 1.0 MHz) 
Ccb 
— 
0.7 
1.0 
pF 


Small Signal Current Gain 
dC =• 2.0 mAdc, Vce = 6.0 Vdc, f = 1.0 kHz) 
"fe 
50 
— 
220 
— 


Collector Base Time Constant 
dE = 2.0 mAdc, Vcb = 6.0 Vdc, f = 31.9 MHz) 
2N2857 
2N3839 


rb'Cc 
4.0 
1.0 


- 
15 
15 


ps 


Noise Figure (Figure 1) 
dE = 0.1 mAdc.Vce = 10 Vdc, Rs = 50 ohms, f = 450 MHz)(2) Both Types 
dC = 1.5 mAdc, Vce = 6-0 Vdc, Rs = 50 ohms, f = 450 MHz) 2N2857 
2N3839 


NF 


- 
5.8 
4.1 
4.5 
3.9 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(lE = 0.1 mAdc, Vce = I-0 Vdc,f = 450 MHz, Rs = 50n))(2) 
(lC = 1.5 mAdc, Vce = 6.0 Vdc, f = 450 MHz,Rs = 500) 


Gpe 


12.5 
11 
19 


dB 


Power Output (Figure 2) 
(IE = 12 mAdc, Vcb = 1° Vdc, f = 500 MHz) 
pout 
30 
— 
— 
mW 


(1)fj is defined as the frequency at which |hfe| extrapolates to unity. 
(2) Micro-Power Specifications. 
•Indicates Data in addition to JEDEC Requirements. 
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SMALL-SIGNAL DEVICES 


2N2857 • 
2N3839 


FIGURE 1 -TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 
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FIGURE 3 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 2 - TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 
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FIGURE 4 - 
NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 
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FIGURE S - 
NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 


SMALL-SIGNAL DEVICES 
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MOTOROLA SEMICONDUCTORS 


2N2857 • 
2N3839 


FIGURE 6 - 
CURRENT-GAIN- 


BANDWIDTH PRODUCT 


1.8 


1.6 


1.4 


1.2 


1.0 


0.8 


04 


2.0 
3.0 
5.0 
7.0 
10 


IC.COLLECTOR CURRENT(mAdc) 


FIGURE 8 - 
INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 7 - 
NOISE FIGURE AND POWER GAIN 


versus COLLECTOR CURRENT 
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FIGURE 9 - 
OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 11 -REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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2N2857 • 
2N3839 


FIGURE 12 - Sn, INPUT REFLECTION COEFFICIENT 
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FIGURE 13 - S22- OUTPUT REFLECTION COEFFICIENT 
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FIGURE 16 - Sii, INPUT REFLECTION COEFFICIENT ANDS22.OUTPUT REFLECTION COEFFICIENT 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
65 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
pd 
7.0 
40 
Watts 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


2N3553 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unlessotherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged} 
(IC = 200mAdc, Ib = 0) 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mAdc,lc ° 0) 


Collector Cutoff Current 
(Vce " 30 Vdc,Ib = 0) 


Collector Cutoff Current 
(VCE - 30 Vdc,VBE(off) = LBVdc,TC 
(VCE " 65Vdc, VBE(off) = 1-5vdc> 


Emitter Cutoff Current 
(Vbe = 4.o vdc. ic = Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 250 mAdc, Vce 
5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(lC =• 250mAdc,Ib = SO mAdc) 


SMALL SIGNAL CHARACTERISTICS 


200°C) 


Current-Gain — Bandwidth Product 
(lC= 100mAdc,Vce " 28 Vdc,f 
100 MHz) 


Output Capacitance 
(Vcb ° so vdc iE 
0, f = 100 kHz) 


FUNCTIONAL TEST (FIGURE 2) 


Amplifier Power Gain 
(VCE - 28 Vdc, Pout 


Collector Efficiency 
(VCE ° 28 Vdc, Pout 


Power Input 
(VCE - 28 Vdc, Pput 


2.5 Watts, f = 175 MHz) 


2.5 Watts, f = 175 MHz) 


2.5 Watts, f = 175 MHz) 


(1) Pulsed thru a 25 mH inductor. 
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Symbol 


VCEO(sus) 


V(BR)EBO 


'CEO 


<CEX 


lEBO 


hFE 


VCE(sat) 


Cobo 


jpe 


Min 
Typ 


40 


4.0 


10 


500 


8.0 


10 


50 


Max 


0.1 


5.0 
1.0 


0.1 


1.0 


10 


0.25 


Unit 


Vdc 


Vdc 


mAdc 


mAdc 


mAdc 


Vdc 


MHz 


pF 


dB 


Watt 
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FIGURE 1 - OUTPUT POWER versus FREQUENCY 
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FIGURE 2 - 175 MHz TEST CIRCUIT SCHEMATIC 
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Ll - 2 Turns #16 AWG Wiro 3/16" I.O.. 1/4" Long 
L2 - 2 Turns #16 AWG Wiro 3/16" I.D.. 1/4" Long 
L3 - 3 Turns #16 AWG Wiro 3/8" I.C, 3/8" Long 


0.005 pF 
28 Vdc 


2N3839 
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For Specifications, See 2N2857 Data. 


MOTOROLA SEMICONDUCTORS 


« 


7-8 


L3 
y^ rvw> 
•Q 
-C RF Output 


3.0-35 pF 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
55 
Vdc 


Emitter-Base Voltage 
Vebo 
3.5 
Vdc 


Collector Current — Continuous 
"C 
0.4 
Adc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25 C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
•c 


2N3866 
2N3866A 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
| 
Max 
| 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, Rbe = 10 O) 
VCER(sus) 
55 
— 
Vdc 


Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAdc, Ib = 0) 
VCEO(sus) 
30 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc, lc = 0) 
V(BR)EBO 
3.5 
— 
Vdc 


Collector Cutoff Current 
(Vce = 28 vdc, iB = oi 
'CEO 
— 
0.02 
mAdc 


Collector Cutoff Current 
(Vce = 30 Vdc, Vbe = -1.5 Vdc (Rev.),TC = 200°C) 
(Vce = 65 Vdc, Vbe = -1.5 Vdc (Rev.) 


'CEX 


- 
5.0 
0.1 


mAdc 


Emitter Cutoff Current 
(Vbe = 3.5 Vdc, lc = 0) 
>EBO 
— 
0.1 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 360 mAdc, Vce = 5.0 Vdc) 
Both 
(lC = 50 mAdc, Vce = 5.0 Vdc) 
2N3866 
2N3866A 


hFE 
5.0 
10 
25 
200 
200 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 20 mAdc) 
VCE(sat) 
— 
1.0 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 15 Vdc, f = 200 MHz) 
2N3866 
2N3866A 


fT 
500 
800 


- 


MHz 


Output Capacitance 
(Vcb = 28 vdc, ig = o, f = 1.0 mhz) 
C0bo 
— 
3.0 
pF 


FUNCTIONAL TEST (RGURE 1) 


Amplifier Power Gain 
(Vcc = 28 Vdc, P0ut =• 1.0 W, f = 400 MHz) 
Gpe 
10 
— 
dB 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


1 
45 
— 
% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3866 • 
2N3866A 


FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 
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CI: 3.0-35 pF 
C2.CS: 8.0-60 pF 
C3: 12 pF 
C4: 1000 pF 
C6: 0.9-7.0 pF 
Ll: Two turns #18 Wiro. 
1/4" ID. 1/8" long 
L2: FERRITE RF Choko. 
Ono Turn, z - 450 Ohms 
L3.L4: RF Choko. 0.1 ftH 
L5: 2-3/4 Turns. #18 Wiro. 
1/4" ID, 3/16" long 
R1: 5.6 Ohms 


FIGURE 2 - 
POWER OUTPUT versus 
FREQUENCY (Class C) 
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FIGURE 4 - COLLECTOR BASE TIME CONSTANT 
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FIGURE 3 - CURRENT-GAIN - 
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FIGURE 5 - 
OUTPUT CAPACITANCE 


ts.o 


a so 


z 
< 


u 
2 
S *-0 


o 


7-10 


5.0 
10 
IS 
20 
25 
30 
35 
40 
Vcb. COLLECTOR BASEVOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


2N3866 • 
2N3866A 


FIGURE 6 - OUTPUT POWER versus INPUT POWER 
(CLASS CI 
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FIGURE 8 - 
LARGE-SIGNAL SERIES EQUIVALENT 
IMPEDANCES 
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FIGURE 7 - SMALL SIGNAL CURRENT GAIN 
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FIGURE 9 - Sn AND S22 versus FREQUENCY 
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FIGURE 10 - S21 versus FREQUENCY 
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FIGURE 11 -S1.2 versus FREQUENCY 


20° 
10° 
0° 
350° 
340° 
330° 


150° 
160° 
170° 
180° 
190° 
200° 
210" 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
vcbo 
36 
Vdc 


Emitter-Base Voltage 
vebo 
3.5 
Vdc 


Collector Current — Continuous 
ic 
400 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'C 
pd 
1.0 
5.71 
Watt 
mW/'C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
35 
'CAN 


Thermal Resistance, Junction to Ambient 
RflJA 
175 
"CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


2N3948 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Symbol 
MIn 
Max 
Unit 


Collector-Emitter Sustaining Voltage 
dC = 6.0 mAdc, Ib = 0) 
VCEO(sus) 
20 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc. Ie = 0) 
V(BR)CBO 
36 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.5 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ig = 0) 
(Vcb = 15 Vdc, ig = o, Ta •= 150°C) 


•CBO 


- 
0.1 
100 


ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(JC = 50 mAdc, Vce 
5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


hFE 
15 


Current-Gain — Bandwidth Product 
(IE = 50 mAdc, Vce = 15 Vdc, f = 200 MHz) 
*T 
700 
— 
MHz 


Output Capacitance 
(Vcb = 15 Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 
— 
4.5 
Pp 


FUNCTIONAL TEST (RGURE 1) 


Power Gain 


(VCC = 13-6 Vdc, f = 400 MHz, Pjn = 0.25 W) 
Gpe 
6.0 
— 
dB 


Output Power 
pout 
1.0 
— 
Watt 


Collector Efficiency 
1 
45 
— 
% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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2N3948 


FIGURE 1 - 
400 MHz RF AMPLIFIER TESTCIRCUIT 


Ll -2 Turns #18 Tinnod Wiro, 3/16 I.O. 
1/4" Long, Air Wound. 
L2 - 
2 Turns#18 Tinned Wiro, 1/2 I.O.. 
3/16" Long, Air Wound. 
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FIGURE 2 - 
OUTPUT POWER versus FREQUENCY 
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FIGURE 3 - 
PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
Vcbo 
20 
Vdc 


Emitter-Base Voltage 
Vebo 
4.5 
Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
400 
2.3 
mW 
mW/T 


Total Device Dissipation @Tq = 25°C 
Derate above 25°C 
pd 
750 
4.3 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RftJC 
0.233 
"C/mW 


Thermal Resistance, Junction to Ambient 
RflJA 
0.436 
°C/mW 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


2N3959 
2N3960 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
12 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(IC = lO/iAdc, Ie = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 10 iiAdc. lc = 0) 
V(BR)EBO 
4.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = io vdc, Veb = 2.0 vdc) 
(Vce = 10 vdc, veb = 2.0 vdc, ta = iso°c) 


'CEX 


- 
- 
0.005 
5.0 


ftAdc 


Collector Forward Current 
(vCe = 5.0 vdc, Vbe = 0.4 Vdc) 
'CEX 
— 
— 
1.0 
ftAdc 


Base Cutoff Current 
(vCe = 10 vdc, vEb = 2.0 vdc) 
<BL 
— 
— 
0.005 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, VCe = 10 Vdc) 
(lC = 30 mAdc, Vce 
=" 1° Vdc) 


hFE 
25 
40 
25 


- 
400 


Collector-Emitter Saturation Voltage 
dC =1.0 mAdc, Ib = 0.1 mAdc) 
(lC = 30 mAdc, Ib = 3.0 mAdc) 


VcE(sat) 


- 
- 
0.2 
0.3 


Vdc 


Base-Emitter On Voltage 
dC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 30 mAdc, Vce = 1-0 Vdc) 


VBE(on) 


- 
- 
0.8 
1.0 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 5.0 mAdc, Vce = 4.0 Vdc, f = 100 MHz) 
2N3959 
2N3960 


fT 
1000 
1300 
__ 


- 


MHz 


dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 
2N3959 
2N3960 
1300 
1600 
— 


- 


dC = 30 mAdc, Vce = 4-0 Vdc, f = 100 MHz) 
2N3959 
2N3960 
1000 
1200 


- 
- 


Output Capacitance 
(vCb - 4.o vdc, Ie = o, f = i.o mhz) 
Cobo 
— 
2.0 
2.5 
pF 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-15 


2N3959 • 
2N3960 


ELECTRICAL CHARACTERiSTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Capacitance 
(Veb = 0.5 Vdc, IC = 0, f = 100 MHz) 
Cibo 
— 
1.5 
2.5 
pF 


Collector Base Time Constant 
dC = 5.0 mAdc, VCE = 4.0 Vdc) 
2N3959 
2N3960 


(lC = 10 mAdc, Vce = 10 Vdc) 
2N3959 
2N3960 


dC = 30 mAdc, Vce = 4.0 Vdc) 
2N3959 
2N3960 


rb'Cc 


- 


- 


30 


SO 


25 
40 


30 
50 


ps 


SWITCHING CHARACTERISTICS (RGURE 7) 


Tum-On Delay Time 
dC = 10 mAdc, Vout = 1.0 Vdc) 
dC = 30 mAdc. Vout = 1.0 Vdc) 


<d(on) 


- 
2.4 
2.0 


- 


ns 


Rise Time 
dC = 10 mAdc, Vout = 1.0 Vdc) 
Both Devices 
dC = 30 mAdc, Vout = 10 Vdc) 
2N3959 
2N3960 


tr 


- 


3.0 
2.2 
1.7 


- 


ns 


Turn-Off Delay Time 
dC = 10 mAdc, Vout = 1.0 Vdc) 
dC = 30 mAdc, Vout = 1.0 Vdc) 


«d(off) 


- 
1.6 
1.6 


- 


ns 


Fall Time 
dc = 10 mAdc, Vout = 1.0 Vdc) 
Both Devices 
dC = 30 mAdc, Vout = 1.0 Vdc) 
2N3959 
2N3960 


tf 


- 


3.3 
2.3 
1.9 


- 


ns 


150 


100 


SB 
3 
70 
a 
t- 
SJ50 


rr 
3«o 


FIGURE 1 - 
TYPICAL DC CURRENT GAIN 
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FIGURE 3 - TYPICAL COLLECTOR-BASE TIME CONSTANT 
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FIGURE 2 - TYPICAL CURRENT-GAIN - 
BANDWIDTH 
PRODUCT 
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FIGURE 4 - TYPICAL JUNCTION CAPACITANCE 
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TURN-ON AND TURN-OFF TIMES 
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FIGURE S 
Vout = 1.0 Vdc 


1 
1 


30 
•IV 


•25«C 
" 
•RL 
•vou 


Tj 
RS 
Vin 


1 
10 \ 
1 


2 
70 
p 
/.u 


J 
50 
tr 


3.0 
1(01 
2N39S9 
fts 
/r~ 
*• **^g 


2N39S0-=-*" **• ." 


1.0 


) * 


2.0 
3.0 
4.0 
5.0 
7.0 
10 
IC.COLLECTOR CURRENT (mA) 


30 


20 


I 
10 


p 
7.0 


5.0 


3.0 


2.0 


FIGURE 6 - Vout - 2.0 Vdc 
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FIGURE 7 - 
SWITCHING TIMES TEST CIRCUIT 


3—'Input Pulse*— 
tr, tf < I.Ons 
Pulso Width « 
10 M* 
To Scopa 
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6 dB pad 
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Thit test tot up it dotignod to timulato 
a catcado of idontical stages. .'.The source 
resistance (Rg) equals the load retistance 
(R|_). Values used in the ten are shown 
In tho table. 


F°r Vln - Voot - 1 V, VBB - +0.5 V, 
Ri_ & R« values appropriately reducod. 
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9 Vcc <f5-3 v) 


•i ::.i\f 


Ground 
Planet 


VEE (-26.3 V) 


Vin = Vout = 2 volls. VBB».1.0V 


lc (mA) 
REikJn 
RL (12) 
RK <«) 


1.0 
24.0 
2.0 k 
2.0 k 


3.0 
8 
2 
680 
680 


10 
2.4 
200 
180 


30 
0.8 
68 
36 


MOTOROLA SEMICONDUCTORS 


2N4427 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
Vceo 
20 
Vdc 


Collector-Base Voltage 
vcbo 
40 
Vdc 


Emitter-Base Voltage 
vEbo 
2.0 
Vdc 


Base Current 
ib 
400 
mAdc 


Collector Current — Continuous 
ic 
400 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
3.5 
20 
Watts 
mW/T 


Storage Temperature 
Tsta 
-65 to +200 
°C 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
3 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(lC ° 5.0mAdc, Rbe " 1° ohms) 


Collector-Emitter Sustaining Voltage 
(lC " 5.0mAdc, Ib = 0) 


Collector Cutoff Current 
(Vce ° 12 vdc Ib = Q) 


Collector Cutoff Current 
(VCe = 40 Vdc< VBE = -1-5 Vdc) 
(Vce ° 12vdc, Vbe = -i.svdc.Tc 


Emitter Cutoff Current 
(VEB ° 2.0 Vdc, lc = 0) 


ON CHARACTERISTICS 


DC Currant Gain 
(lC = 100 mAdc, Vce 
(lC « 360 mAdc, Vce 
5.0 Vdc) 
5.0 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 100mAdc. Ib ° 20 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


+ 150°C) 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 1s Vdc-f ' 
200 MHz) 


Output Capacitance 
(VCb° 12Vdc.lE 
0, f = 1.0 MHz) 


FUNCTIONAL TEST (RGURE 2) 


Common-Emitter Amplifier Power Gain 
(Pjn = 100mW.Vcc " 12Vdc.f = 175MHz) 


Collector Efficiency 
(Pout " 10 W. VCc 
12 Vdc, f = 175 MHz) 


Power Input 
(Pout " LOW. Vcc " 12 Vdc,f 
175 MHz) 


MOTOROLA SEMICONDUCTORS 
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Symbol 


VCER(sus) 


VcEO(sus) 


ICEO 


'CEV 


>EBO 


hFE 


VCE(sat) 


Cobo 


»pe 


Min 


40 


20 


10 
5.0 


500 


10 


50 


Max 


0.02 


0.1 
5.0 


0.1 


0.5 


100 


Unh 


Vdc 


Vdc 


mAdc 


mAdc 


mAdc 


Vdc 


MHz 


PF 


dB 


mW 


SMALL-SIGNAL DEVICES 


2N4427 


RF Input >- 


FIGURE 1 - POWER OUTPUT versus FREQUENCY 
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FIGURE 2 - 
175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 
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CI. C2. 
C3.end C4: 330pF 
[RF Output 
C5: 1,000pF 
C6: 0.01 tiF 


Ll: 2 turns No. 
16 wire. 
3/16" ID. 
1/4" long 
L2: Fenite choke. 
Z * 450 ohms 


13: 2 turns No. 
16 wire. 
1/4" 10. 
1/4" long 
L4: 4 turns No. 
16 wire. 
3/8" ID. 
3/8" long 


Q: 2N4427 
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2N4957 
2N4958 
2N4959 
2N5829 


2N4S57 
JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VceO 
30 
Vdc 


Collector-Base Voltage 
VCBO 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
200 
1.14 
mW 
mW,"C 


Operating and Storage Junction 
Temperature Range 
"Tj. Tstg 
-65 to +200 
•c 


ELECTRICALCHARACTERISTICS (TA= 25°C unless otherwise noted.) 


Min 
Typ 
Max 
Unft 
Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC = 100tiAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 100 tiAdc. lc = 0) 


Collector Cutoff Current 
(Vcb = 1° vdc- "E = 0) 
(VCB = 10Vdc''E = 0. Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 mAdc.Vce = -0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
(lE = 2.0mAdc, Vce = 10Vdc, f = 100MHz) 


Collector-Base Capacitance 
(VCB •= 10 Vdc> 'E = °>f 
1.0 MHz) 


Small Signal Current Gain 
dc " 2.0mAdc, Vce = 10vdc» f = 10 kHz> 


Collector Base Time Constant 
(Ig = 2.0 mAdc, Vcb ° -0 vdc-f ° 636 MHz) 


Noise Figure (Figure 1) 
dC = 2.0mAdc, Vce = 10vdc> f = 450 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 1) 
(Vce = 1° Vdc> !C= 2-°"iAdc, f = 450MHz) 


2N4957, 2N5829 
2N4S58, 2N4959 


2N5829 
2N4S57 
2N4958 
2N4959 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


'CBO 


hFE 


Ccb 


rb'Cr 


NF 


30 


30 


3.0 


20 


1200 
1000 


20 


1.0 


40 


1600 
1500 


0.4 


2.3 
2.6 
2.9 
3.2 


0.1 
100 


150 


2500 
2500 


0.8 


200 


8.0 


2.5 
3.0 
3.3 
3.8 


Vdc 


Vdc 


Vdc 


/iAdc 


MHz 


pF 


ps 


dB 


Gpe 
dB 


2N4957, 2N5829 
17 
— 
25 


2N4958 
16 
— 
25 


2N4959 
15 
— 
25 


(1) fj isdefined as thefrequency at which |hfe| extrapolates to unity. 
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FIGURE 1 - 
NOISE FIGURE AND POWER GAIN 
TESTCIRCUIT 
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FIGURE 3 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 2 - 
UNILATERALIZED POWER GAIN 
versus FREQUENCY 
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FIGURE 4 - 
NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 6 - 
CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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COMMON EMITTER CIRCUIT DESIGN DATA 
(Vce = 10 Vdc, lc = 2.0 mAdc) 


FIGURE 7 - TRANSDUCER GAIN 
versus FREQUENCY 
1 
(NOTE 1) 
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FIGURE 9 - 
LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 11 -SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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NOTE1 
Figures 7 through 18 are included to assist the circuit designer in determin 
ing the stability of his particular circuit. Two stability criteria are given in 
these figures. 
The Linvill "C" factor* is a measure of transistor stability when the input 
and output are terminated in the worst-case (open circuit) condition. When 


* "Trjnwstors and Actrrt Circuits." Linviil and Gibbons. McGrcw Hrtl. 1961. 
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FIGURE 8 - LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 10 - 
LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 12 - 
SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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"C" is less than 1 0. the circuit is unconditionally stable When "C" is greater 
than 1.0. the circuit is potentially unstable. 
The Stern "K" factor* has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If "K" 
is greater than 1.0. the circuit will be stable. If less than 1.0. the circuit will 
be unstable. For further details, see Application Note AN-215A 


I "Stability tnd Powvr Cain ol Tuned Transrslor Ampiilrm." Arthur P Slerrt. Proc 
IRE. M«ch 1967 
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COMMON BASE CIRCUIT DESIGN DATA 


(Vcb = 10 Vdc, lc = 2.0 mAdc) 


FIGURE 13 - TRANSDUCER GAIN 
versus FREQUENCY 
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FIGURE 15 - 
LOAD ADMITTANCE 
versus FREQUENCY (READ 
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FIGURE 17 - 
SOURCE AOMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 14 - 
LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 16 - 
LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 18 - SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 19 - SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 
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FIGURE 21 - fT versus COLLECTOR CURRENT 
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FIGURE 23 - 
CAPACITANCE 
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FIGURE 20-POLAR hfe 
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FIGURE 22 - 
DC CURRENT GAIN 
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FIGURE 24 - 
COLLECTOR CHARACTERISTICS 


VERTICAL SCALE 
lc= I.OmA/DIV 


lb =0.02mA/STEP 
fj 


mmmmammm 


HORIZONTAL SCALE - Vce * 10 V/OIV 


Apply reverse bias belween collector 
and base and measure capacitance 
between these terminals Emitter is 
open 


Apply reverse bias between emitter 
and base and measure capacitance 
between these terminals. Collector is 


open. 


Apply reverse bias between collector 
and base and measure capacitance 


between these terminals Emitter is 
guarded. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


7-24 


2N4957 • 
2N4958 • 
2N4959 • 
2N5829 


Y PARAMETERS versus CURRENT 
(f = 450 MHz) 
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Vcb = 15 vdc — 


FIGURE 25 - 
INPUT ADMITTANCE 
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FIGURE 27 - 
FORWARD TRANSFER ADMITTANCE 
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FIGURE 29 - 
OUTPUT ADMITTANCE 
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FIGURE 31 - 
REVERSE TRANSFER ADMITTANCE 
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FIGURE 26 - 
INPUT ADMITTANCE 
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FIGURE 28 - 
FORWARD TRANSFER ADMITTANCE 
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FIGURE 30 - 
OUTPUT ADMITTANCE 
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FIGURE 32 - 
REVERSE TRANSFER ADMITTANCE 
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COMMON BASE y PARAMETER VARIATIONS 
(Vcb = 10 Vdc- lC = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY 


FIGURE 33 - Vjt, INPUT ADMITTANCE 
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FIGURE 35 - Vfb FORWARD TRANSFER ADMITTANCE 
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FIGURE 37 - vob OUTPUT AOMITTANCE 


12 
3 
I 
10 


z 
8.0 
<i- 


S 
6.0 
a 
< 
5 
4.0 
a. 


° 
2.0 


0 


'.bob 
Sob, 
y 
«**^ 


45 
70 
100 
200 
300 
500 
700 
1000 
1500 
I, FREQUENCY(MHi) 
FIGURE 39-Vrb REVERSE TRANSFER ADMITTANCE 


£ 
i c 
1 / 
< 
1.6 - 


*= 
11 
-i",b/ 


5 
15 
<=_ 


Sinn 
rr— 


> 
ir 
02 
^ 
0 
-9rb 


200 
300 
500 
700 
1000 
1500 


I. FREQUENCY (MHr) 


MOTOROLA SEMICONDUCTORS 


POLAR y PARAMETERS versus FREQUENCY 


FIGURE 34 - Vib INPUT ADMITTANCE 
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FIGURE 36 - Vfb FORWARD TRANSFER ADMITTANCE 
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FIGURE 38 - yob OUTPUT ADMITTANCE 
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COMMON EMITTER y PARAMETER VARIATIONS 
{Vce = 10 Vdc, lc = 2.0 mAdc) 
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FIGURE 41 - YioINPUT ADMITTANCE 
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FIGURE 43 - yfe FORWARD TRANSFER ADMITTANCE 
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FIGURE 47 - yre REVERSE TRANSFER ADMITTANCE 


£ 
3.0 
HW 


-»re/ 


£8 
212.0 


200 
300 
500 


I. FREQUENCY (MHi) 


SMALL-SIGNAL DEVICES 


700 
1000 
1500 


POLAR y PARAMETERS versus FREQUENCY 


FIGURE 42 - Vjo INPUT ADMITTANCE 
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FIGURE 44- yfe FORWARD TRANSFER ADMITTANCE 
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FIGURE 46 - yM OUTPUT AOMITTANCE 
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FIGURE 48 - yro REVERSE TRANSFER ADMITTANCE 
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2N5031 
2N5032 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCEO 
10 
Vdc 


Collector-Base Voltage 
vcbo 
15 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
20 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
200 
1.14 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
10 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.01 mAdc, Ie = 0) 
V(BR)CBO 
15 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.01 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 60 Vdc, Ie = 0) 
'CBO 
— 
1.0 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 6.0 Vdc) 
hFE 
25 
— 
300 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC •= 5.0 mAdc, Vce = 60 Vdc, f = 100 MHz) 
fr 
1000 
— 
3500 
MHz 


Collector-Base Capacitance 
(Vce = 6.0 Vdc, |E = 0, f = 0.1 MHz) 
Ccb 
— 
1.3 
1.5 
pF 


Collector Base Time Constant 
dC = 6.0 mAdc, Vce = 6.0 Vdc, f = 31.8 MHz) 
rb'Cc 
— 
5.0 
— 
ps 


Noise Figure (Figure 1) 
dC =• 1.0 mAdc, Vce = 6.0 Vdc, f = 450 MHz) 
2N5031 
2N5032 


NF 


- 
- 
2.5 
3.0 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Vce = 6.0 Vdc, lc = 10 mAdc. f = 450 MHz) 
Gpe 
14 
17 
25 
dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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• 
2N5032 


FIGURE 1 - 
POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 -S12 


SMALL-SIGNAL DEVICES 


FIGURE 2 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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FIGURE 4 - S11 AND S22 
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FIGURE 7 - NOISE FIGURE versus FREQUENCY 
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FIGURE 9 - 
INPUT AOMITTANCE versus FREQUENCY 


411 
vce-6. 
ic-1- 
IVdc 


Vt 


3 mAdc 


?n 


10 
bio 


0 
Si* 


ISO 
200 
300 
400 
500 
700 
1000 


f. FREQUENCY (MHi) 


FIGURE 11 - 
FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 8 - POWER GAIN versus FREQUENCY 
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FIGURE 10 - OUTPUT AOMITTANCE versus FREQUENCY 
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FIGURE 12 - 
REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Emitter Voltage (Rbe = 10(1) 
VCER 
55 
Vdc 


Collector-Base Voltage 
vcbo 
55 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
0.4 
Adc 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
3.5 
0.02 
Watts 
mVWC 


Storage Temperature 
Tsta 
-65 to +200 
•c 


2N5108 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
| 
Typ 
| 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = S.0 mAdc, Rbe = 10 ohms) 
V(BR)CER 
55 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C = 0.1 mAdc, Ig = 0) 
V(BR)CBO 
55 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 15Vdc.lB = 0) 
'CEO 
— 
— 
20 
ftAdc 


Cotlector Cutoff Current 
(Vce = bo vdc, Vbe = o) 
(Vce = is vdc, vbe = o, Tc = i50°o 


Ices 


- 
- 
1.0 
10 
ftAdc 
mAdc 


ON CHARACTERiSTICS 


Collector-Emitter Saturation Voltage 
[ 
dc = 100 mAdc,Ib = 10 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 15 Vdc, f = 200 MHz) 
fT 
1200 
— 
— 
MHz 


Output Capacitance 
(Vcb = 30 vdc, Ie = o, f = 1.0 MHz) 
cobo 
— 
1.3 
3.0 
PF 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 10 W. Vcc = 28 Vdc, lc = 102 mAdc, f = 1.0 GHz) 
GPE 
5.0 
— 
— 
dB 


Power Output (Figure 1) 
(Pin = 316 mW, VCe = 28 Vdc, f = 1.0 Ghz) 
Pout 
1.0 
— 
— 
Watt 


Collector Efficiency (Figure 1) 
(Pin = 316 mW, VCE = 28 Vdc, f = 1.0 GHz) 


V 
35 
— 
— 
% 


Power Output (Oscillator) (Figure 2) 
(Vce = 20 Vdc, VEb = 1-5 Vdc, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


pout 


" 


0.3 


" 


Watt 


SMALL-SIGNAL DEVICES 
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Pin 
(Zq • son) 
>J$Z^ 


♦VCC 
1 


-Vcc 


".EM 


MOTOROLA SEMICONDUCTORS 


FIGURE 1 - 
1 GHz RF AMPLIFIER OUTPUT 
POWER TEST CIRCUIT 
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dl: 
1" Input lint, centerconductor width • 0.280" 
d2: 1" Output lint, center conductor width * 0.125" 


Q: 2N5I08 


R: 3.9 ohms 
TI. T2: MtcroUb Double Stub Tuner,or Equivalent 
BitsTet: MicroUb OSN,or Equivalent 
Transistor Mount: 1/32" Microslrip botrd 


Nott: Imptdtnce mnsurtments trt mtdt it transistorsocket pint. 


FIGURE 2-1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 


Ll. L2 - 1/16" Mrcrostrip Botrd. Linestrt 0.16" 
widttnd 1.31" long. 
L3 - 1/16" Microttrip Botrd. 0.16"widttnd 
0.65" long. 
14-RF Choke.3.6 uHy 
CI - 0.4 pF - 6.0 pFJohmson 4640 
C2 - 1.0 pF - 10 pF Johinson 4355 
C3. C4 - 25 pF Fetdthru 
R - 2.0 k ohms Minitturt Trim pot 


SMALL-SIGNAL DEVICES 


7-32 
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FIGURE 3 - 
OUTPUT POWER tonus INPUT POWER 
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FIGURE S - 
OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 4 - 
OUTPUT POWER versus FREQUENCY 
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FIGURE 6 - OSCILLATOR OUTPUT POWER 
versus COLLECTOR CURRENT 
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FIGURE 8 
COLLECTOR BASE 


CAPACITANCE versus VOLTAGE 
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2N5109 


JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Base Current 
ib 
400 
mAdc 


Collector Current — Continuous 
ic 
400 
mAdc 


Total Device Dissipation @ Tc = 75°C(1) 
Derate above 25CC 
pd 
2.5 
20 
Watt 
mW/°C 


Storage Temperature 
T8tfJ 
-65 to +200 
°c 


(1) Total Device Dissipation at Ta = 25°C is 1.0 Wan. 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 5.0 mAdc, Rbe = 10 (I) 
V(BR)CER 
40 
— 
— 
Vdc 


Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 15 vdc, Ib = o) 
'CEO 
— 
— 
20 
juAdc 


Collector Cutoff Current 
jvce = is vdc, Vbe = -lbv.tc = i50*a 
(Vce = 35 vdc, vbe = -15V) 


'CEX 


- 
- 
5.0 
5.0 
mAdc 
mAdc 


Emitter Cutoff Current 
(Vbe = 3.o vdc, ic = oi 
>EB0 
— 
— 
100 
/iAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 360 mAdc. Vce = 5.0 Vdc) 
dC = 50 mAdc, Vce = 15 Vdc) 


hFE 
5.0 
40 


- 
120 


- 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 15 Vdc, f = 200 MHz) 
*T 
1200 
— 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 15 Vdc, Ie = 0,f = 1.0 MHz) 
Ccb 
— 
1.8 
3.5 
PF 


Noise Figure 
(lC = 10 mAdc, Vce = 15 Vdc.f = 200 MHz) 


NF 
— 
3.0 
— 
dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Voltage Gain (Figure 1) 
dC = 50 mAdc,VCc = 15 Vdc,f = 50 to 216 MHz) 
Gve 
11 
— 
— 
dB 


Power Input (Figure 2) 
dC = 50 mAdc, Vcc = 15 Vdc, Rs = 50 ohms, 
Pout = 1.26 mW, f = 200 MHz) 


Pin 
0.1 
mW 


(2) Pulsed thru a 25 mH Inductor; 50% Duty Cycle. 
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FIGURE 1 - 
RF AMPLIFIER FOR VOLTAGE 
GAIN TEST CIRCUIT 
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FIGURE 2 - 200 MHz TEST CIRCUIT 
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FIGURE 3 - CURRENT-GAIN - 
BANDWIDTH PRODUCT 
FIGURE 4 - 
COLLECTOR-BASE TIME CONSTANT 
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FIGURE S - SATURATION VOLTAGES 
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FIGURE 7 - 
INPUT ADMITTANCE vartut FREQUENCY 
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FIGURE 9 - 
REVERSE TRANSFER ADMITTANCE 
varsut FREQUENCY 
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FIGURE 6 - 
CAPACITANCES varsut REVERSE VOLTAGE 
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FIGURE 8 - 
INPUT ADMITTANCE 
vartut COLLECTOR CURRENT 
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FIGURE 10 - 
REVERSE TRANSFER ADMITTANCE vartut 
COLLECTOR CURRENT 
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FIGURE 11 - 
FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 13 - 
OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 15 - 
INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 12 - 
FORWARD TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 
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FIGURE 14 - 
OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 


20 


18 


14 


< 
12 
•- 
i 
10 
H 8.0 
I 
6.0 


I 


1 = 200 MH* 


'-• Of 


9oe 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


lC.COLLECTOR CURRENT (mAdc) 


FIGURE 16 - 
OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 17 - 
REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 
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FIGURE 18 - 
FORWARD TRANSMISSION COEFFICIENT 


versus FREQUENCY 
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FIGURE 19 - 
INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
40 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current 
ic 
0.4 
Adc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
PD 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tjr Tfjtg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


2N5160 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
«C = 5.0 mAdc. Ib = 0) 
VCEO(sus) 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(VCe = 28Vdc,lB = 0) 
•CEO 
— 
— 
20 
ptAdc 


Collector Cutoff Current 
(Vce = 60 Vdc, Vbe = o) 
Ices 
— 
— 
0.1 
mAdc 


Collector Cutoff Current 
(VCB = 28Vdc.lE = 0) 
(CBO 
— 
— 
1.0 
uAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 50 mAdc, Vce = 5.0 Vdc) 
hFE 
10 
— 
— 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 15 Vdc,f = 200 MHz) 
fT 
500 
900 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 28 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 
Ccb 
— 
2.5 
4.0 
pF 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Vce = 28 Vdc,Pm = 0.16Watt, f = 400 MHz) 
(Vce = 28 Vdc. Pin = 50 mW, f = 175 MHz) 


Gpe 
8.0 
8.8 
14.5 


- 


dB 


Power Output 
(Vce ° 28 Vdc,Pjn = 0.16 Watt, f = 400 MHz) 
(Vce = 28 Vdc, Pin = 50 mW, f = 175 MHz) 


pout 
1.0 
1.2 
1.4 


- 


Watt 


Collector Efficiency 
(VCe = 28 Vdc, Pin = 0.16 Watt, f •= 400 MHz) 


V 
45 
55 
— 
% 
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Cg,,,.OUTPUT CAPACITANCE (pF) 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Applicable 1.0 to 2.0 mAdc 
Vceo 
12 
Vdc 


Collector-Base Voltage 
Vcbo 
20 
Vdc 


Emitter-Base Voltage 
vebo 
2.5 
Vdc 


Collector Current 
ic 
50 
mAdc 


Total Device Dissipation @ Ta, = 25°C 
Derate above 25°C 
pd 
200 
1.14 
mW 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
300 
1.71 
mW 
mW/T 


Storage Temperature 
Tsta 
-65 to +200 
»c 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


2N5179 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Sustaining Voltage 
dC = 3.0 mAdc, Ib = 0) 
VCEO(sus) 
12 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.001 mAdc, Ie = 0) 
V(BR)CBO 
20 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(l£ = 0.01 mAdc, lc = 0) 
V(BR)EBO 
2.5 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 16 Vdc, lE = 0) 
(vCb = 15 vdc, i£ = o, ta = iso°a 


ICBO 


- 
0.02 
1.0 


ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, Vce = 10 Vdc) 
hpE 
25 
250 
— 


Collector-Emitter Saturation Voltage 
(lC = 10 mAdc, Ig = 1.0 mAdc) 
VCE(sat) 
— 
0.4 
Vdc 


Base-Emitter Saturation Voltage 
(lC = 10 mAdc, Ib = 1.0 mAdc) 
VBE(sat) 
— 
1.0 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
(lC = 5.0 mAdc, Vce = 6.0 Vdc, f = 100 MHz) 
fT 
SOO 
2000 
MHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 
Ccb 
— 
1.0 
pF 


Small Signal Current Gain 
(lC = 2.0 mAdc, Vce = 6.0 Vdc, f = 1.0 kHz) 
hfe 
25 
300 
— 


Collector Base Time Constant 
(lE = 2.0 mAdc, Vcb = 6.0 Vdc, f = 31.9 MHz) 
rb'Cc 
3.0 
14 
ps 


Noise Figure (Figure 1) 
dC = 1.5 mAdc, Vce = 6.0 Vdc, Rs = 50 ohms, f = 200 MHz) 


NF 
— 
4.5 
dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Vce = 6.0 Vdc, lc = 5.0 mAdc, f = 200 MHz) 
Gpe 
15 
— 
dB 


Power Output (Figure 2) 
(Vcb = 10 Vdc, Ie = 12 mAdc, fse500 MHz) 
pout 
20 
— 
mW 


(1)fr is defined as the frequency at which |h«e| extrapolates to unity 
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FIGURE 1 - 
200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 
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FIGURE 3 - 
NOISE FIGURE 
versus FREQUENCY 
FIGURE 4 - 
NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 
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FIGURE 5 - 
NOISE FIGURE versus SOURCE 
RESISTANCE «nd COLLECTOR CURRENT 
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FIGURE 6 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 7 - 
INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 - 
FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 8 - 
OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 - 
REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 11- S-n. INPUT REFLECTION COEFFICIENT 
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FIGURE 12-S22. OUTPUT REFLECTION COEFFICIENT 
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FIGURE 13-S12. REVERSE TRANSMISSION COEFFICIENT 
FIGURE 14 -S2 ,. FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 15-S11#INPUT REFLECTION COEFFICIENTAND S22-OUTPUT REFLECTION COEFFICIENT 
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JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
30 
Vdc 


Collector-Base Voltage 
VcBO 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
BOO 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
TJ.Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25T unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltaged) 
(lC = 10 mAdc, Ib = 0) 
v(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 10 uAdc, Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 100 uAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 vdc, ie = o) 
'CBO 
— 
— 
50 
nAdc 


Emitter Cutoff Current 
(Veb = 2.0 vdc, ic = oi 
>EBO 
— 
— 
0.5 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
(JC =• 40 mAdc, Vce = 2.0 Vdc) 
dC = 100 mAdc, Vce = 2.0 Vdc) 
dC = 300 mAdc, Vce = 5.0 Vdc) 


hFE 
20 
25 
15 


40 
40 
22 
100 


Collector-Emitter Saturation Voltaged) 
(lC = 100 mAdc, Ib = 10 mAdc) 
vCE(sat) 
— 
0.6 
0.8 
Vdc 


Base-Emitter On Voltaged) 
dC = 100 mAdc, Vce = 2.0 Vdc) 
VBE(on) 
— 
0.84 
1.8 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 40 mAdc, Vce = 10 Vdc, f = 100 MHz) 
dC = 100 mAdc, Vce = 10 Vdc, f = 100 MHz) 


fT 
1000 
1300 
1300 
1500 


- 


MHz 


Collector-Base Capacitance 
(Vcb = 15 Vdc, Ie = 0, f = 100 kHz) 
Ccb 
— 
2.5 
5.0 
pF 


Emitter-Base Capacitance 
(VEb = 0.5 Vdc, lC = 0, f = 100 kHz) 
Ceb 
— 
18 
35 
PF 


Collector Base Time Constant 
(lC •= 50 mAdc, VCB = 10Vdc, f = 63.6 MHz) 
rb'Cc 
— 
8.0 
— 
ps 


SWITCHING CHARACTERISTICS (FIGURE 10) 


Turn-On Delay Time 
(Vcc = 31-4 Vdc, lc = 150 mAdc, 
RC = 160 Ohms, Re - 26.6 Ohms) 


td 
— 
1.0 
— 
ns 


Rise Time 
tr 


— 
2.1 
— 
ns 


Fall Time 
tf 
- 
1.8 
- 
ns 


(1) Pulse Test: Pulse Width * 300 fts. Duty Cycle « 2.0%. 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


7-46 


2N5583 


FIGURE 1 - 
OC CURRENT GAIN 
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FIGURE 3 - 
"ON" VOLTAGES 
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FIGURE 5 - CAPACITANCES 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 
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FIGURE 7 - 
CURRENT-GAIN-BANDWIOTH PRODUCT 
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FIGURE 9 - SWITCHING TIMES 
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FIGURE 8 - COLLECTOR-BASE TIME CONSTANT 
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FIGURE 10 - SWITCHING TIMES TEST CIRCUIT 
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MAXIMUM RATINGS 


Rating 
Symbol 
2N5835 
2N5836 
2N5837 
Unit 
Collector-Emitter Voltage 
Vceo 
10 
10 
5.0 
Vdc 
Collector-Base Voltage 
vcbo 
15 
15 
10 
Vdc 


Emitter-Base Voltage 
Vebo 
3.5 
3.5 
3.5 
Vdc 


Collector Current — Continuous 
'C 
15 
200 
300 
mAdc 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
200 
1.14 


- 
- 
mW 
mW/'C 


Total Device Dissipation 
@ Tc = 25X 
Derate above 25°C 


pd 


- 
2.0 
11.43 
2.0 
11.43 
Watts 
mW/'C 
Storage Temperature 
TStfl 
- 
65 to +200 
°C 


ELECTRICAL CHARACTERISTICS(Ta = 25°C unless otherwisenoted.) 


2N5835 
2N5836 
2N5837 


2N5835 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


2N5836,2N5837 
CASE 2603, STYLE 1 
TO-46 (TO-206AB) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERiSTICS 


Collector-Base Breakdown Voltage 
dc = 10 ftAdc, Ie = 0) 
2N5835 


dC = 100 uAdc, lE = 0) 
2N5836 
2N5837 


V(BR)CBO 
15 


15 
10 


- 


— 


Vdc 


Emitter-Base Breakdown Vottage 
(Ig = 100 iiAdc, lc = 0) 
v(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 7.5 Vdc, l£ = 0) 
2N5835 
(Vcb = 10 Vdc, Ie = 0) 
2N5836 
(Vcb = 5.0 Vdc, lE = 0) 
2N5837 


•CBO 


- 


- 
0.01 
10 
10 


uAdc 


Emitter Cutoff Current 
(Veb = 3.o vdc, ic = o) 
>EBO 
— 
— 
100 
uAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, Vce = 6.0 Vdc) 
2N5835 
dC = 50 mAdc, Vce = 6.0 Vdc) 
2N5836 
dC = 100 mAdc, Vce = 3.0 Vdc) 
2N5837 


hFE 
25 
25 
25 


- 
- 


— 


Base-Emitter On Voltage 
dC = 10 mAdc, Vce = 6.0 Vdc) 
2N5835 
dC = 50 mAdc, Vce = 6-° vdc) 
2N5836 
dC = 100 mAdc, Vce = 3.0 Vdc) 
2N5837 


VBE(on) 


- 


- 


0.9 
0.9 
0.9 


Vdc 


SMALL SIGNAL CHARACTERiSTICS 


Current-Gain — Bandwidth Productd) 
dC = 10 mAdc, Vce = 6.0 Vdc, f = 200 MHz) 
(lC = 50 mAdc, Vce = 6.0 Vdc, f = 200 MHz) 
dc = 100 mAdc, Vce " 3.0 Vdc, f = 200 MHz) 


Collector-Base Capacitance 
(VCB = 10 Vdc, lE = 0, f = 0.1 to 1.0 MHz) 


(Vcb = s.o vdc, Ie = o, f = o.i to 1.0 MHz) 


Collector Base Time Constant(2) 
dc = 10 mAdc, Vce = 6.0 Vdc, f = 63.6 MHz) 
dC = 50 mAdc, Vce = 6.0 Vdc, f = 63.6 MHz) 
dC " 100 mAdc, Vce = 3.0 Vdc, f = 63.6 MHz) 


SMALL-SIGNAL DEVICES 


2N5835 
2N5836 
2N5837 


2N5835 
2N5836 


2N5837 


2N5835 
2N5836 
2N5837 
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Ccb 


rb'Cc 


2.5 
2.0 
1.7 


5.0 
6.0 
6.0 


0.8 
3.5 


GHz 


PF 


ps 
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ELECTRICAL CHARACTERISTICS (TA = 2S'C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


SWITCHING CHARACTERISTICS^) 


Rise Time (Figure 1) 
tr 
ns 
(lC = 10 mAdc) 
2N5835 
— 
250 
— 
dC = 40 mAdc) 
2N5836 
— 
320 
— 
dC = 100 mAdc) 
2N5837 
— 
650 
— 


(1)fr is defined as the frequency at which |hfe| extrapolates to unity. 
(2)Typical values shown in addition to JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 2 - 
SWITCHING TIME 
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FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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This test set-upis designedto simulate 
i cascadeol identicalstage*. RS'Rl 
Vj„ - Vout • 10 V 
Qitf is• transistorof the 
time type *t the transistoi 
under test. 
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FIGURE 3 - CURRENT-GAIN-BANDWIOTH PRODUCT 
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FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 6 - COLLECTOR-BASE TIME CONSTANT 
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FIGURE 7 - COLLECTOR-BASE CAPACITANCE 
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2N5835 SCATTERING PARAMETERS 
(lC = 5.0 mAdc. VCE =6.0 Vdc. Zg = ZL = 50 Ohms) 


FIGURE 8 - S17, INPUT REFLECTION COEFFICIENT 
FIGURE 9 - S22. OUTPUT REFLECTION COEFFICIENT 
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FIGURE 10 - S12. REVERSE TRANSMISSION COEFFICIENT 
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FIGURE 11 - S2l. FORWARD TRANSMISSION COEFFICIENT 
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2N5836 SCATTERING PARAMETERS 
dC = 100 mAdc, VcE = '0 Vdc,Zq = Z|_ =50 Ohms) 


FIGURE 12 -Sn, INPUT REFLECTIONCOEFFICIENT 
FIGURE 13 - S22. OUTPUT REFLECTION COEFFICIENT 
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FIGURE 14 -S12. REVERSE TRANSMISSION COEFFICIENT 
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FIGURE 15 - S21. FORWARD TRANSMISSION COEFFICIENT 
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2N5837 SCATTERING PARAMETERS 
lC = 100 mAdc. VcE =3.0 Vdc.Zq = Zl =50 Ohms) 


FIGURE 16-$11, INPUT REFLECTION COEFFICIENT 
FIGURE 17 - S22. OUTPUT REFLECTION COEFFICIENT 
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FIGURE 18 - S12. REVERSE TRANSMISSION COEFFICIENT 
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FIGURE 19 - S21. FORWARD TRANSMISSION COEFFICIENT 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
3.5 
Vdc 


Collector Current — Continuous 
•c 
400 
mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
1.0 
5.7 
Watt 
mW/°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
3.5 
0.02 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj, Tstg 
-65 to +200 
"C 


ELECTRICAL CHARACTERISTICS (TA = 25"Cunless otherwise noted.) 


2N5943 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 100 ftAdc, Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 100 ftAdc,\q = 0) 
v(BR)EBO 
3.5 
— 
- 
Vdc 


Collector Cutoff Current 
(Vce = 20 Vdc, Ib = 0) 
'CEO 
— 
- 
50 
ftAdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ig = 0) 
(CBO 
— 
— 
10 
ftAdc 


ON CHARACTERISTICS 


DCCurrent Gain (lp ° 50 mAdc.Vce = 15 Vdc) 
"FE 
Collector-Emitter Saturation Voltage dc = 100 mAdc,Ib ° 10 mAdc) 
VCE(sat) 
Base-Emitter Saturation Voltage dc ° 100 mAdc, Ib = 10 mAdc) 
VBE(sat) 


25 


0.15 


0.88 


300 


0.2 


1.0 


Vdc 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 25 mAdc,VCe = 15 Vdc,f = 200 MHz) 
(lC = 50 mAdc, Vce = 15Vdc,f = 200 MHz) 
dC = 100mAdc, Vqe = 15 Vdc,f = 200 MHz) 


<T 
1000 
1200 
1000 


1350 
1550 
1425 
2400 


MHz 


Collector-Base Capacitance 
(Vcb = 30 Vdc,Ie = 0, f = 100 kHz) 
Ccb 
1.0 
1.6 
2.5 
PF 


Emitter-Base Capacitance 
(Veb = 0.5 Vdc,lc = 0, f = 100 kHz) 
Ceb 
— 
8.4 
15 
pF 


Small Signal Current Gain 
dC = 50 mAdc,Vce = 15 Vdc,f = 1.0 kHz) 
hfe 
25 
— 
350 
— 


Collector Base Time Constant 
|IE = 50 mAdc,Vcb = 15 Vdc,f = 31.8 MHz) 
rb'Cc 
2.0 
5.5 
20 
ps 


Noise Figure 
dC = 30 mAdc,Vce = 15 Vdc,f = 200 MHz) (Figure1) 
(lC= 35 mAdc,Vce = 15 Vdc,f = 200 MHz) (Figure 6) 


NF 


- 
3.4 
6.8 
8.0 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(lC = 10 mAdc,Vce = 15 Vdc,f = 200 MHz) (Figure1) 
dC = 50 mAdc, Vce = 15 Vdc, f = 250 MHz) (Figure 6) 


Gpe 


7.0 
11.4 
7.6 


- 


dB 


Intermodulation Distortion 
dC = 50 mAdc, Vce = 15 Vdc, Vout = +50 dBmV) 


IM 
— 
— 
-50 
dB 


Cross Modulation Distortion 
(lC = 50 mAdc, Vce = 15 Vdc, Vout = +40 dBmV) 
(lC = 50 mAdc, VCE = 15 Vdc,Vout = +50 dBmV) 


XM 


- 
-67 
-45 
-42 


dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-55 


2N5943 


FIGURE 1 - 
NARROWBAND TEST CIRCUIT 
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FIGURE 4 - SATURATION VOLTAGES 
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FIGURE 3 - 
COLLECTOR-BASE TIME CONSTANT 
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FIGURE 5 - CAPACITANCES veraut REVERSE VOLTAGE 
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FIGURE 6 - 
BROADBAND TEST CI RCUIT 


FIGURE 7 - 
CROSS-MODULATION DISTORTION varus 
COLLECTOR CURRENT 
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FIGURE 9 - 
NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 8 - 
CROSS-MODULATION 
DISTORTION versus OUTPUT LEVEL 
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FIGURE 10 - 
NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 11 - 
BROADBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 13- INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 15- REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 12 - 
NARROWBAND NOISE FIGURE versus 
FREQUENCY 
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FIGURE 14- INPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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FIGURE 16 - 
REVERSE TRANSFER ADMITTANCE venus 
COLLECTOR CURRENT 
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FIGURE 17- 
FORWARD TRANSFER ADMITTANCE 


versus FREQUENCY 
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FIGURE 19 - 
OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 21 - 
INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 


30" 
20° 
10° 
0 
350" 
340° 
330° 


50» 


:?-0 


^•-,^.,. 
- ,J=, 


vce »15 vdc 
•<•'• 
lC -35 mAdc :\ 
ZG-ZL"50n..v'.\ 


••& 31)11" 


290° 


280° 


4j 270° 


^260° 


260° 


240* 


23 


150° 
160» 
ijqo 
|80o 
i90o 
200° 
210° 


SMALL-SIGNAL DEVICES 


FIGURE 18- FORWARD TRANSFER ADMITTANCE versus 


COLLECTOR CURRENT 
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FIGURE 20 - 
OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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FIGURE 22 - 
OUTPUT REFLECTION COEFFICIENT versus 


FREQUENCY 
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FIGURE 23 - 
REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 
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FIGURE 24 - 
FORWARD TRANSMISSION COEFFICIENT 


versus FREQUENCY 
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Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
30 
Vdc 


Collector-Base Voltage 
VcBO 
40 
Vdc 


Emitter-Base Voltage 
vebo 
3.5 
Vdc 


Collector Current — Continuous 
"C 
400 
mAdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
°C 


2N5947 


CASE 244A-01, STYLE 1 
TO-117 (TO-232AA) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25^ unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(lc = 20 mAdc, Ifl = 0) 


Collector-Base Breakdown Voltage 
(lc ° 100 MAdc, Ie = 0) 


Emitter-BaseBreakdown Voltage 
(Ie = 100»cAdc, lc ° 0) 


Collector Cutoff Current 
(Vce = 28 Vdc, Ib = 0) 


Collector Cutoff Current 
(Vcb = 20 Vdc, Ie ° 0) 


Emitter Cutoff Current 
(Vbe = 3-s Vdc> 'C = °> 


ON CHARACTERISTICS 


DCCurrent Gain 
dc = 75 mAdc, Vce = 20 Vdc) 
Collector-Emitter Saturation Voltage dc = 200 mAdc,Ib = 20 mAdc) 
Base-EmitterSaturation Voltage 
(|c = 200 mAdc, Ib = 20 mAdc) 


Symbol 


V(BR)CEO 


V(BR)CBO 


v(BR)EBO 


'CEO 


'CBO 


'EBO 


hFE 


VCE(sat) 


VBE(sat) 


MIn 
Typ 


30 


40 


3.5 


25 


0.2 


1.0 


Max 


100 


100 


250 


0.35 


1.5 


UnH 


Vdc 


Vdc 


Vdc 


ftAdc 


uAdc 


uAdc 


Vdc 


Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC= 75 mAdc, Vce = 20 Vdc,f = 200 MHz) 
fT 
1100 
1500 
— 
MHz 


Collector-Base Capacitance 
(Vcb = 30 Vdc,Ie = 0, f = 100 kHz) 
Ccb 
— 
1.5 
4.0 
PF 


Emitter-Base Capacitance 
(Veb = °-5 Vdc' lc = Or f = 100 kHz) 
Ceb 
— 
8.2 
12 
pF 


Small Signal Current Gain 
dC = 75 mAdc,Vce = 20 Vdc,f = 1.0 kHz) 
hfe 
25 
— 
300 
— 


Collector Base Time Constant 
(Ig = 75 mAdc,Vcb = 20 Vdc' f = 31.8 MHz) 
rb'Cc 
2.0 
— 
20 
ps 


Noise Figure 
dC = 50 mAdc, Vce = 20Vdc,f = 200 MHz) 
(Figure 1) 
dC = 50 mAdc,Vce = 2° vdc- f = 200MHzHD 
(Figure 2) 
dC = 75 mAdc, Vce = 20 Vdc,f = 200 MHz)(1) 
(Figure 2) 


NF 


- 
3.8 
7.2 
7.8 
8.5 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Figure 2) 
dC = 75 mAdc, Vce = 20 Vdc, f = 250 MHz) 
Gpe 
10 
11 
— 
dB 


Intermodulation Distortion 
(Figure 2) 
(lC = 75 mAdc, Vce = 20 Vdc, Vout = +50 dBmV) 


IM 
— 
-55 
-50 
dB 


Cross Modulation Distortion 
(Figure 2) 
dC = 75 mAdc, Vce = 20 Vdc, Vout = +50 dBmV) 


XM 
— 
-60 
-57 
dB 


(1) Includes noise figure of post-amplifier and matching pad. 
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FIGURE 1 - NARROWBAND TEST CIRCUIT 
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FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 - COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 2 - BROADBAND TEST CIRCUIT 
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FIGURE 4 - CAPACITANCES 
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FIGURE 6 - BASE-EMITTER SATURATION VOLTAGE 
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FIGURE 7 - 
NARROWBAND NOISE FIGURE versusCURRENT 
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FIGURE 8 -BROADBAND NOISE FIGURE versus CURRENT 
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FIGURE 9- NOISE FIGURE TEST SETUP 
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FIGURE 10 - 
INTERMODULATION DISTORTION TEST SETUP 
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MEASUREMENT PROCEDURE 
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2. REPEAT FOR CHANNEL G (2 & 13 OFF) ANO CHANNEL 13 (2 & G OFF). 
NOTE FOR REFERENCE THE FIELO STRENGTH METER READING FOR 
CHANNEL 13 (2 &G OFF). 


3. TURN CHANNEL 13 OFF ANO DR!VE THE TEST AMPLIFIER 
WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 


FIGURE 11 - 
CROSS MODULATION DISTORTION TEST SETUP 
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SMALL-SIGNAL DEVICES 
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FIGURE 12 - CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL 
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FIGURE 13 - CROSS MODULATION DISTORTION 
versus CUR RENT 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
vCEO 
18 
Vdc 


Collector-Base Voltage 
VCBO 
36 
Vdc 


Emitter-Base Voltage 
vEBO 
4.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
PD 
5.0 
28.5 
Watts 
mWVC 


Storage Temperature 
Tsta 
-65 to +200 
°C 


2N6255 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unless otherwise noted.) 
[ 
Characteristic 
Symbol 
Min •| 
Typ 
| 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
v(BR)CEO 
18 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, Vbe = °) 
V(BR)CES 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc, ig = o) 
'CBO 
— 
— 
0.25 
mAdc 


Collector Cutoff Current 
(Vce = 15 Vdc, VBe = 0, Tc = 55"C) 
"CES 
— 
— 
5.0 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 250 mAdc, Vce = 5.0 Vdc) 
hFE 
5.0 
— 
— 
— 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
C0bo 
— 
15 
20 
PF 


FUNCTIONAL TEST (RGURE 1) 


1 Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Vcc = 12-5 Vdc. f = 175 MHz) 
Gpe 
7.8 
— 
— 
dB 


Collector Efficiency 
I 
(Pout ° 3.0 W, VCC = 12-5 Vdc, f = 175 MHz) 


V 
50 
— 
— 
% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-65 


2N6255 


FIGURE 1 - 
175 MHz CIRCUIT 


FIGURE 2 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - COLLECTOR LOAD versus FREQUENCY 


a 


o 


UJ 
g 
40 


< 
r- 


foul" 3.0 W 


vcc-i 2.5 Vdc 


0C 
g 
30 


a 


o 


uuj 
20 


o 
o 


is 
* 
10 


175 


I. FREQUENCY (MHz) 


MOTOROLA SEMICONDUCTORS 


2.0 50 pF ARCO 461 ELMENCO 
5.0 80pFARCO462ELMENCO 
1000 pF FEED THRU 
5.0 jjF 


1 TURN #18 AWG %" 1.0. 


2'/. TURNS #18 AWG !i" 1.0. 
RFC1 
0.15/jHMOLOEO CHOKE 


WITH BEAD ON GROUND LEG 


RFC2 
OI5(iHMQLOEO CHOKE 


BEADISFERROXCUBE 
66 570 65/38 


FIGURE 3 - OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 - 
PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 
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FIGURE 6 - 
PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus FREQUENCY 
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FIGURE 7 - 
PARALLEL EQUIVALENT 
INPUT RESISTANCE versus FREQUENCY 
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CASE 249-05, STYLE 1 


UHF AMPLIFIER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage 
Vceo 
16 
Vdc 


Collector-Base Voltage 
vcbo 
36 
Vdc 


Emitter-Base Voltage 
vEBO 
4.0 
Vdc 


Collector Current — Continuous 
"C 
0.4 
Adc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.0 
11.4 
Watts 
mWTC 


Storage Temperature 
Tstfl 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, Ib = 0) 
v(BR)CEO 
16 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, VBE = 0) 
V(BR)CES 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc. i£ = o) 
•CBO 
— 
— 
0.5 
mAdc 


Collector Cutoff Current 
(Vce = 15 Vdc. VBE = 0. Ta = 125T) 
"CES 
— 
— 
5.0 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 50 mAdc, Vce = 50 v<fc) 
"FE 
20 
80 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
C0bo 
— 
6.0 
8.0 
PF 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Figures 1, 6) 
(Pout = 0-5 W, Vcc = 12-5 Vdc, f = 470 MHz) 
GPE 
7.0 
9.0 
— 
dB 


Collector Efficiency 
(Figures 1,6) 
(Pout = 0-5 W, VCc = 12-5Vdc, f = 470 MHz) 


1 
60 
70 
— 
% 
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FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 
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FIGURE 2 - 
OUTPUT POWER 
versus FREQUENCY 
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FIGURE 3 - 
OUTPUT POWER 
versus INPUT POWER 
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FIGURE 5 - 
SERIES EQUIVALENT 
INPUT and OUTPUT IMPEDANCE 


MOTOROLA SEMICONDUCTORS 


7-69 


2N6256 


FIGURE 6 - 470 MHi TEST CIRCUIT LAYOUT 
(Sea Figure 1 for Schematic Diagram) 


C1.C2 
1.0 25 pF ARCO 421 or Equivalent 
C3. C4 
1.0 25 pF ARCO 421 or Equivalent 
Ll. L2 
7 Turns J»22 AWG. 0.2" I.O. 
Ferrite Bead FERROXCUBE 56 590 65 3B 
os shown on Ll 


DC Supply Filter 
2 1000 pF FT Capacitor 
1-1.0 jiF, 35 V Capacitor 


1 Choko FERROXCUBE 
VK 200 20 4B 


C1,C2.C3,C9,C10 
C6.C7 
C4.CS 
C8 
C11 
C12.C14 


FIGURE 7 - 150 MHi to 450 MHz 
TRIPLER USING 2N6256 


6on>G#: 


1-7 pF ARCO 400 or Equivalent 
1.9-20 pF ARCO 402 or Equivalent 
470 pF ATC Typo 100-8-420-m-ms 
1000 pF UNDERWOOD Typa J-101 
0.47 uF TANTALUM 
470 pF Feedthru 


C13 
0.1 tiF Ceramic 
L4 
Rl 
20 Ohm 
L8 
R2.R3 
160 Ohm 
L7 
Ll 
7 Turns 1/4" I.O. 
L8 
L2 
6-4 Turns 1/8" I.O. 
L9 
L3 
0.68 MH Molded Choke 


Connectors are Type "N" 
Board is Glass Teflon 
3" x 5" x 0.060" 
Mounting Plate is 3" x 5" 


O<5on 


5 Turns 1/4" I.D. 
6 Turns 1/8" I.D. 
1 fiH Molded Choke 
FERROXCUBE VK200-20/48 
FerritoBead, FERROXCUBE 56-590-6S/3B 


NOTE: 
All coils air coro space wound with #20 AWG Wire, unless otherwise specified. 


Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typically produce 85 mW at 450 MHz with 
30 mW at 150 MHz input (4.5 dB gain). Collector efficiency is 
25% and all unwanted harmonics are at least 30 dB down from 
the 450 MHz output level. 


It is important that each emitter lead be bypassed separately 
with a good hi-quality capacitor. The emitter resistor is likewise 
split in two with one-half on each emitter lead. 


MOTOROLA SEMICONDUCTORS 


The input network is a modified 'TEE" consisting of CI, C2, 
and 
Ll, which matches the 50 Ohm input to the transistor 
impedance at 150 mc; this is roughly 18-J20 Ohms. The combi 
nation of L2 and C3 forma 450 MHz idler to provide a base return 
for third harmonic current. 
L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and CIO. All coils are air core 
space-wound! turns one wire diameter apart) with #20 AWG wire. 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Collector-Emitter Voltage 
vCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 
pd 
200 
1.14 
mW 
mW/°C 


Storage Temperature 
Tstq 
-65 to +200 
°C 


2N6304 
2N6305 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lp ° 5.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
dC ° 0.1 mAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
|IE = 0.1 mAdc, lc = 0) 


Collector Cutoff Current 
(vCb = 5.o vdc, ie = Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 2.0 mAdc, Vce 
5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 10 mAdc, Vce = 50 v<Jc> * 
100 MHz) 


Collector-Base Capacitance 
(Vcb = 10 we- Ie ° o.f ° io MH*> 
Small Signal Current Gain 
dC = 2.0mAdc,Vce = 5.0Vdc,f = 1.0 kHz) 


Collector Base Time Constant 
(lE = 2.0mAdc, Vcb = 5.0Vdc, f = 31.8MHz) 


Noise Figure 
(lC =• 2.0 mAdc, Vce = 5.0Vdc,Rs = 50 ohms, 
fa 450 MHz) (Figure 1) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
dC = 2.0mAdc, Vce = 5.0Vdc, f = 450MHz) (Figure 1) 


SMALL-SIGNAL DEVICES 
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2N6305 


2N6304 
2N6305 


2N6304 
2N6305 


2N6304 
2N6305 
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Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


"CBO 


hFE 


Ccb 


hfe 


rb'Cr 


NF 


jpe 


MIn 


15 


30 


3.5 


25 


1400 
1200 


25 


2.0 
2.0 


Typ 


0.8 


Max 


10 


250 


1.0 


250 


4.5 
5.5 


| 
Unit 
I 


Vdc 


Vdc 


Vdc 


nAdc 


MHz 


pF 


ps 


dB 


dB 
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FIGURE 1 - TEST CIRCUIT FOR NOISE 
FIGURE ANO POWER GAIN 


2 
CtpKitartn Mluts in pF 
~ 


Ll. 12 - Silwrpltttd beta rod.11/2*'lonjtnd 1/4"dit. losttll 
u Inn 1/2" Irom ntirot vtrtictl cluais surlKt. 
13 - 1/2 turn #16 AWGint. lOCKtd1/4" Irorntod 
ptrtOd to L2. 
* - ExttmjJmtsrtttd shieldto isoltti cotltctortod from 
ifltllltr tnd btst lads. 
Nwtntiittion Proctdurt: 
(A) ComKl45aMHtrirg^ostsmtor(«rithRs'<SOohrns) 
10input mmintls ol smplifier. 
(B) 
Conntct 50-ohm RFnltmstsftcroaoutput ttrminih 
el tfnpl'iiH. 


Vj£ • -7.5 Vdc 


IC) ApplyVee. *ndwithatrial gtntrttortdjutttdlorS mV 
output Irom tmplifitf. turn CI. C3. tnd C4 lor 
mtiimum otitpiit. 
ID) Inttrchtngtcoitntctioaj to sssntjgtntrttortnd 
RF nsHmttxr. 
(El 
Withsuilicitnttientltpplitd to outputItrmimli ol 
tntptitMr.tdjuaC2lorminimumindication it input. 
(F) 
Repot sups (A), IBI,tnd IC)to dtttrrnint il rttunina 
isntctsary. 


FIGURE 2 - COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 


/.u 


1.8 


1.6 


1.4 
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0.2 


0 
0.S 
ta 
2.0 
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vcb. collector-base voltage ivoltsi 


FIGURE 3 - CURRENT-GAIN-BANDWIOTH 
PRODUCT versus COLLECTOR CURRENT 
FIGURE 4 - COLLECTOR-BASE TIME 
CONSTANT versus EMITTER CURRENT 
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^ 
•vcb 
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10 
20 
30 
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IE. EMITTER CURRENT {mAdc) 
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FIGURE 5 
- 
REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 


vce •&0 v<||: 


-ib™ 


-gr« 


400 
500 
600 
800 
1000 


I, FREQUENCY(MHt) 


FIGURE 7 - OUTPUT ADMITTANCE 
versus FREQUENCY 


VCE*5.0Vdc 
Ir • 2.0 mAdc 
gft 
^» 


*""''' \b|, 


400 
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I. FREQUENCY (MHt) 
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FIGURE 6 
- 
INPUT ADMITTANCE 
versus FREQUENCY 


VC£- 5.0Vflc 


lC * 2.UmAdc 


y 


jt>it 


gia 


200 
300 
400 
500 
600 700 800 1000 


I. FREQUENCY (MHi) 


FIGURE 8 
- 
FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


•. 
8.0 


vCE"50V(lc 
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, 
;>' 
UUI 


30 
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FIGURE 9 -Sn. INPUT REFLECTION 
COEFFICIENT 


30° 
20° 
10° 
0 
-10° 
-20° 
-30° 
3_ . . 


150° 
160° 
170" 
180° 
-170" 
-160° 
-150° 


FIGURE 10 - S22. OUTPUT REFLECTION 
COEFFICIENT 


150° 
160" 
,70° 
180° 
-170" 
-160° 
-150° 


FIGURE 11 - S12. REVERSE TRANSMISSIONCOEFFICIENT 
FIGURE 12 - S2i. FORWARD TRANSMISSIONCOEFFICIENT 


30" 
20" 
10° 
0 
-10° 
-20" 
-30° 
30" 
20" 
10" 
0 
-10° 
-20" 
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40"f 
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SMALL-SIGNAL DEVICES 


FIGURE 13 - Sn. INPUT REFLECTION COEFFICIENT AND S22. 
OUTPUT REFLECTION COEFFICIENT 
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2N6603 


JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS (Ta = 25"C Free AirTemperature) 


Rating 
Symbol 
Value 
Unit 


^Collector-Emitter Voltage 
Vceo 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
25 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


Total Device Dissipation @ Tq = 125°C 
Derate above 125°C 
pd 
400 
5.33 
mW 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
•C 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Eminer Breakdown Voltage 
dc = 1.0 mAdc, Ig = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 0.1 mAdc, Ig = 0) 
V(BR)CBO 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 16 Vdc, Ie = 0) 
•CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 15 mAdc, Vce = 10 Vdc) 
"FE 
30 
— 
200 
— 


SMALL SIGNAL CHARACTERiSTICS 


Collector-Base Capacitance!1) 
(Vcb = 10 Vdc, Ie = 0,0.1 MHz < f « 1.0 MHz) 
Ccb 
0.25 
— 
0.75 
pF 
1 
1 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Vce = 10 Vdc, lc = 15 mA, f = 1.0 GHz) 
Gpe 
15 
— 
21 
dB 


Spot Noise Figure (Rs = Optimum) (Figure 1) 
(Vce = 10Vdc, lc = 5.0 mA, f = 1.0 GHz) 


NF 
1.0 
— 
2.5 
dB 


Power Gain at Optimum Noise Figure (Figure 1) 
(Vce = 10 Vdc, lc = 5.0 mA, f = 1.0 GHz) 
Qnf 
10 
— 
— 
dB 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 1)(2) 
(Vce = 10 Vdc, lc = 15 mA, f = 2.0 GHz) 
MAG 
— 
11 
— 
dB 


Noise Figure (Rs = Optimum) (Figure 1) 
(Vce = 10 Vdc, lc = 5.0 mA, f = 2.0 GHz) 


NF 
— 
2.9 
— 
dB 


(1)Ccb measurement employs a three-terminal capacitance bridge incorporatinga guard circuit.The emitter terminal shall be connected to 
the guard terminal of the bridge. 
IS21I2 
(2) MAG is calculated from the S-Parameters using the equation MAG = (1 -ISiiRtT -IS22R 
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FIGURE 1 - 
BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 


Signal 
Gonerator 
RF Power Gain 


vbe 
Bia> 
J, 
Bias 
Too 
^^F 
Microlob/FXR SF31 
Double Slug Tunert 


or Equivalent 


W" 


"*L 


> 3<JB 


Ailtech Model 75 
Automatic NF 
Meter or 
Equivalent 


NoifO Oiode 


FIGURE 2 - 
POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 


VCE' 
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Si n2 
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5 mA). 
1 
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FIGURE 4 - CURRENT GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 3 - OUTPUT CAPACITANCE versus VOLTAGE 
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FIGURE 5 - 
POWER GAIN versus COLLECTOR CURRENT 
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FIGURE 6 - 
NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 7 - 
INPUT AND OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
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FIGURE 8 - 
FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS venus FREQUENCY 
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S - 
PARAMETERS 


VCE 
(Volts) 
•c 
(mAl 


Frequency 


(MHz) 


S11 
S21 
SI 2 
S22 


IS11I 
L<lt 
IS21I 
L<t> 
IS12I 
L<P 
IS22I 
L«t 


S.0 
5 
100 
0.69 
-30 
12.16 
160 
0.026 
72 
0.95 
-16 


200 
0.65 
-61 
11.03 
143 
0.046 
59 
0.84 
-31 


SOO 
0.63 
-122 
7.05 
111 
0.074 
36 
0.56 
-54 


1000 
0.64 
-158 
4.13 
88 
0.087 
28 
0.39 
-68 


2000 
0.65 
170 
2.14 
61 
0.107 
29 
0.33 
-91 


10 
100 
0.52 
-50 
18.74 
154 
0.022 
69 
0.91 
-22 


200 
0.54 
-92 
15.53 
135 
0J037 
S3 
0.74 
-40 


500 
0.62 
-146 
8.49 
104 
0.052 
38 
0.43 
-62 


1000 
0.65 
-172 
4.66 
84 
0.065 
37 
0.29 
-75 


2000 
0.67 
162 
2.38 
60 
0.094 
42 
0.26 
-97 


15 
100 
0.42 
-70 
22.72 
150 
0.019 
66 
0.87 
-26 


200 
0.51 
-113 
17.72 
130 
0.030 
50 
0.68 
-44 


500 
0.63 
-157 
8.96 
100 
0.042 
41 
0.38 
-64 


1000 
0.66 
-178 
4.80 
82 
0.056 
44 
0.26 
-75 


2000 
0.69 
159 
2.43 
59 
0.090 
48 
0.24 
-97 


30 
100 
0.39 
-116 
24.87 
142 
0.014 
62 
030 
-29 


200 
055 
-145 
17.17 
120 
0.021 
49 
0.58 
-42 


500 
0.67 
-171 
736 
85 
0.030 
49 
0.34 
-49 


1000 
0.69 
175 
4.18 
78 
0.047 
56 
0.29 
-56 


2000 
0.71 
157 
2.13 
55 
0.084 
58 
0.29 
-81 


10 
5 
100 
0.71 
-27 
12X11 
161 
0.021 
73 
0.96 
-13 


200 
0.67 
-55 
11.10 
145 
0.039 
60 
0.87 
-25 


500 
0.63 
-115 
7.44 
114 
0.064 
39 
0.62 
-44 


1000 
0.64 
-153 
4.43 
90 
0.077 
30 
0.46 
-55 


2000 
0.64 
172 
2.27 
62 
0.094 
31 
0.39 
-76 


10 
100 
0.55 
-43 
18.77 
155 
0.018 
71 
052 
-18 


200 
0.55 
-83 
16.00 
137 
0.031 
54 
0.78 
-32 


500 
0.60 
-140 
9.06 
106 
0.046 
39 
0.49 
-48 


1000 
0.63 
-168 
5.02 
85 
0.058 
39 
0.36 
-56 


2000 
0.65 
164 
2.55 
60 
0.084 
43 
0.33 
-76 


15 
100 
0.46 
-60 
23.14 
152 
0.016 
68 
050 
-21 


200 
0.51 
-103 
18.39 
131 
0.027 
52 
0.72 
-36 


500 
0.61 
-152 
9.67 
102 
0.037 
42 
0.43 
-49 


1000 
0.64 
-175 
5.21 
83 
0.049 
45 
0.33 
-54 


2000 
0.66 
161 
2.61 
59 
0.079 
51 
0.31 
-74 


30 
100 
0.39 
-98 
27.29 
144 
0.013 
63 
0.83 
-24 


200 
0.53 
-135 
19.38 
122 
0.019 
50 
0.63 
-35 


500 
0.64 
-167 
9.11 
96 
0.027 
48 
0.41 
-39 


1000 
0.66 
177 
4.77 
79 
0.042 
55 
0.36 
-45 


2000 
0.69 
167 
2.41 
56 
0.074 
58 
0.35 
-67 


SMALL-SIGNAL DEVICES 
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JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS (Ta = 25°CFree Air Temperature) 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
25 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
"C 
50 
mAdc 


Total Device Dissipation @ Tc = 125°C 
Derate above 125°C 
pd 
500 
6.66 
mW 
mWVC 


Storage Temperature 
Tsta 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
| 
Typ 
| 
Max 
Unft 
1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, l£ = 0) 
V(BR)CBO 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15Vdc,l£ = 0) 
•CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 30 mAdc, Vce = 10 Vdc) 
hFE 
30 
— 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Collector-Base Capacitance!1) 
(Vcb = 10 Vdc, Ie = 0, 0.1 MHz « f <s1.0 MHz) 
Ccb 
0.30 
0.80 
pF 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Vce ° 10 Vdc. lc = 30 mAdc, f = 1.0 GHz) 
Gpe 
15 
— 
21 
dB 


Spot Noise Figure (Rs - Optimum) (Figure 1) 
(Vce = 10 Vdc, lc = 5.0 mAdc, f = 1.0 GHz) 


NF 
1.5 
— 
3.0 
dB 


Power Gain at Optimum Noise Rgure (Figure 1) 
(Vce = 10 Vdc, lc = 5.0 mAdc. f = 1.0 GHz) 
Gnf 
9.0 
— 
— 
dB 


TYPICAL 2 GHz PERFORMANCE 


Maximum Available Gain (Figure 1)(2) 
(VCe = 10 Vdc, lc = 30 mAdc. f = 2.0 GHz) 
MAG 
— 
10 
— 
dB 


Noise Figure (Rs = Optimum) (Figure 1) 
(Vce = 10 Vdc. lc = 5.0 mAdc, f = 2.0 GHz) 


NF 
— 
4.3 
— 
dB 


(1)Ccb measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. 
|S?il2 
(2) MAG iscalculated from theS-Parameters using theequation MAG = j-—|g Uri'—jg—jj: 
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FIGURE 1 - 
BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 


FIGURE 2 - POWER GAIN AND NOISE FIGURE 
venus FREQUENCY 
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FIGURE 4 - CURRENT GAIN-BANDWIDTH PRODUCT 
venus COLLECTOR CURRENT 
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FIGURE 3 - 
OUTPUT CAPACITANCE venus VOLTAGE 
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FIGURE 5 - 
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FIGURE 6 - 
NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 7 - 
INPUT AND OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
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FIGURE 8 - 
FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 
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S - 
PARAMETERS 


vce 
(Volts) 
•c 
(mA) 
Frequency 


(MHx) 


S11 
S21 
S12 
S22 
IS11I 
LO 
IS21I 
LO 
IS12I 
LO 
IS22I 
LO 
5j0 
5 
100 
0.72 
-40 
12.37 
153 
0.028 
67 
0.91 
-18 
200 
0.65 
-78 
10.38 
133 
0.048 
51 
0.76 
-32 
500 
0.61 
-137 
5.75 
100 
0.067 
34 
030 
-45 
1000 
0.61 
-168 
3.13 
78 
0.082 
31 
0.41 
-54 
2000 
0.63 
161 
1.58 
47 
0.112 
30 
0.41 
-80 
10 
100 
0.57 
-60 
19.54 
146 
0.024 
63 
035 
-27 
200 
0.55 
-105 
14.70 
125 
OX) 38 
47 
0.64 
-43 
500 
0.59 
-155 
7.12 
95 
0.051 
39 
0.37 
-55 
1000 
0.61 
-178 
3.77 
76 
0.069 
40 
0.29 
-62 
2000 
0.64 
156 
131 
SO 
0.106 
39 
0.30 
-86 
30 
100 
0.43 
-111 
30.58 
135 
0.016 
57 
0.72 
-39 
200 
033 
-145 
19.35 
114 
0.022 
49 
0.46 
-57 
500 
0.62 
-173 
8.42 
91 
0.035 
51 
0.24 
-69 
1000 
0.63 
172 
4.36 
75 
0.058 
54 
0.18 
-76 
2000 
0.67 
151 
2.19 
52 
0.099 
49 
0.21 
-99 
50 
100 
0.46 
-134 
32.34 
129 
0.013 
57 
0.64 
-42 
200 
037 
-158 
19.19 
110 
0.018 
51 
0.40 
-56 
500 
0.64 
-178 
8.13 
89 
0.031 
57 
0.22 
-62 
1000 
0.65 
170 
4.17 
74 
0.053 
58 
0.19 
-70 
2000 
0.70 
150 
2.10 
52 
0.092 
54 
0.22 
-97 
10 
5 
100 
0.74 
-36 
12.34 
154 
0.023 
69 
0.93 
-15 
200 
0.67 
-71 
10.56 
135 
0.040 
54 
0.81 
-25 
500 
039 
-131 
6.09 
102 
0.058 
37 
037 
-36 
1000 
0.58 
-164 
3.32 
79 
0.073 
33 
030 
-44 
2000 
0.60 
164 
1.67 
48 
0.098 
32 
0.49 
-69 
10 
100 
0.60 
-52 
19.75 
148 
0.020 
65 
0.87 
-21 
200 
0.56 
-95 
15.30 
127 
0.032 
49 
0.69 
-33 
500 
0£6 
-149 
7.69 
97 
0.044 
41 
0.45 
-41 
1000 
0.58 
-174 
4.07 
77 
0.061 
42 
0.39 
-47 
2000 
0.61 
159 
2.03 
50 
0X195 
40 
0.39 
-70 
30 
100 
0.44 
-94 
32.03 
136 
0.014 
59 
0.75 
-31 
200 
0.50 
-135 
20.76 
115 
0.021 
49 
0.52 
-41 
500 
0.57 
-168 
9.13 
91 
0.032 
52 
0.33 
-43 
1000 
039 
175 
4.71 
75 
0.052 
54 
0.29 
-48 
2000 
0.64 
154 
2.34 
52 
0.089 
49 
0.30 
-72 
50 
100 
0.44 
-117 
33.56 
129 
0.012 
59 
0.68 
-31 
200 
0.52 
-150 
19.94 
109 
0.017 
50 
0.47 
-36 
500 
0.59 
-174 
8.52 
89 
0.028 
56 
0.34 
-35 
1000 
0.61 
173 
4.38 
75 
0.049 
57 
0.32 
-43 
1 
2000 
0.66 
152 
| 
2.21 
51 
0.083 
52 
0.34 
-70 
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CASE 317A-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
20 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


Total Device Dissipation @ Ta, = 60°C 
Derate above 60°C 
pd 
180 
2.0 
mW 
mW/'C 


Storage Temperature 
Tstq 
-65 to +150 
°C 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
R$ja 
500 
'CAN 


ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted.) 
Typ 
j 
Max 
| 
Unit 
| 
Characteristic 
Symbol 
Min 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ig = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, Ie = o) 
'CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 14 mAdc,Vce = 10 Vdc) 
"FE 
25 
— 
250 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(|c = 14 mAdc, Vce = 10 Vdc,f = 0.5 GHz) 
h 
— 
5.0 
— 
GHz 


Collector-Base Capacitance 
(Vcb - 10vdc, i£ = 0, f = 1.0 mhz) 
Ccb 
— 
O.S 
1.0 
PF 


FUNCTIONAL TE8T 


Noise Rgure 
dC = 2.0mAdc, Vce = 10Vdc, f = 0.5GHz) 
(lC ° 2.0mAdc. Vqe " 10Vdc. f ° 1.0GHz) 


Power Gain at Optimum Noise Figure 
(lC = 2.0 mAdc.Vce = 10Vdc.f - 0.5 GHz) 
(lC° 2.0 mAdc. Vc£ ° 10 Vdc.f ° 1.0 GHz) 


Maximum Available PoweHD 
(lC = 14 mAdc, Vce = 10Vdc, f = 0.5 GHz) 
(IC ° 14 mAdc,Vqe ° 10 Vdc,f ° 1.0 GHz) 


(D6n 
. fell2 
„- 
ii-|S11p)ii-|s2al3£» 
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FIGURE 1 - 
POWER DERATING 
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FIGURE 2 - 
POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 
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FIGURE 3 - 
POWER GAIN AND NOISE 
FIGURE versus COLLECTOR CURRENT 
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FIGURE 4 -Sn PARAMETERS 


Frequency (MHz) 
200 
600 
800 
1000 
1500 


VCE 
(Voitt) 
'C 
(mA) 
S11 
LO 
S11 
LO 
S11 
LO 
S11 
LO 
S11 
LO 


5.0 


2.0 


5.0 


10 


20 


30 


0.77 


0.52 


0.33 


0.20 


0.17 


-45 


•60 


•75 


•95 


-116 


0.48 


0.25 


0.15 


0.12 


0.14 


•90 


-110 


-125 


•155 


•170 


0.33 


0.18 


0.13 


0.14 


0.17 


•125 


•ISO 


-175 


165 


160 


0.27 


0.18 


0.15 


0.17 


0.21 


-160 


170 


150 


145 


145 


0.28 


0.21 


0.20 


0.22 


0.26 


170 


145 


130 


130 


130 


10 


2.0 


5.0 


10 


20 


30 


0.79 


0.56 


0.39 


0.25 


0.25 


-40 


-55 


-65 


-75 


-75 


0.50 


0.27 


0.16 


0.10 


0.10 


•80 


-95 


•105 


•120 


•120 


0.33 


0.16 


0.10 


0.09 


0.09 


•115 


•135 


•150 


•175 


•175 


0.26 


0.13 


0.10 


0.12 


0.12 


-150 


•175 


165 


150 


ISO 


0.25 


0.17 


0.15 


0.18 


0.18 


175 


150 


140 


130 


130 


FIGURES - 
S22 PARAMETERS 


Frequency (MHz) 
200 
SOO 
800 
1000 
1500 


VCE 
'C 
(Volts) 
(mA) 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 


2.0 
0.89 
20 
0.69 
•30 
0.61 
•35 
0.55 
-35 
0.52 
-45 


5.0 
0.75 
25 
035 
•30 
0.50 
-30 
0.47 
-30 
0.43 
-40 


5.0 
10 
0.64 
25 
0.49 
•25 
0.45 
•25 
0.43 
•30 
0.40 
•35 


20 
0.57 
25 
0.47 
•20 
0.44 
•25 
0.43 
•25 
0.40 
•35 


30 
0.55 
20 
0.47 
•20 
0.46 
-20 
0.44 
•25 
0.42 
-35 


2.0 
0.91 
15 
0.74 
•25 
0.66 
•30 
0.62 
-35 
0.59 
-40 


5.0 
0.79 
20 
0.61 
•25 
0.56 
•25 
0.54 
-30 
0.51 
-35 


10 
10 
0.70 
20 
0.56 
•20 
0.53 
•25 
031 
-25 
0.48 
-35 


20 
0.63 
20 
0.54 
•25 
0.53 
-20 
0.51 
-25 
0.49 
-35 


30 
0.63 
IS 
0.56 
•IS 
0.55 
-20 
0.54 
-25 
0.52 
•35 
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FIGURE 6 - S21 PARAMETERS 


Frequency (MHz) 
200 
500 
800 
1000 
1500 
Vce 
(Volts) 
ic 
(mAI 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
LO 


5.0 


2.0 


5.0 


10 


20 


30 


5.76 


9.92 


12.33 


13.62 


13.41 


140 


125 


115 


105 


105 


3.81 


5.24 


5.82 


6.00 


5.80 


105 


95 


90 


85 


80 


2.73 


3.50 


3.79 


3.88 


3.74 


90 


80 


75 


75 


75 


2.20 


2.80 


2.90 


235 


2.85 


75 


70 


65 


65 


65 


1.70 


2.10 


2.20 


2.25 


2.15 


60 


60 


55 


55 


55 


10 


2.0 


5.0 


10 


20 


30 


5.77 


10.05 


12.56 


13.77 


13.23 


145 


130 


115 


110 


105 


3.88 


5.42 


6.00 


6.13 


5.79 


110 


95 


90 


85 


85 


2.80 


3.60 


3.90 


3.92 


3.70 


90 


80 


80 


75 


75 


2.25 


2.85 


3.05 


3.05 


2.85 


75 


70 


70 


65 


65 


1.75 


2.10 


2.25 


2.20 


2.15 


60 


60 


55 


55 


55 


FIGURE 7 -S12 PARAMETERS 
Frequency (MHz) 
200 
500 
800 
1000 
1500 
vCe 
•c 
(Volts) 
(mA) 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 


2.0 
0.06 
65 
0.10 
55 
0.12 
55 
0.14 
55 
0.17 
60 


5.0 
0.05 
65 
0.08 
65 
0.12 
65 
0.15 
65 
0.19 
65 
5.0 
10 
0.04 
65 
0.08 
70 
0.12 
70 
0.15 
70 
0.20 
65 


20 
0.04 
75 
0.08 
75 
0.12 
75 
0.15 
70 
0.20 
70 


30 
0.03 
75 
0.07 
75 
0.11 
75 
0.15 
75 
0.19 
70 


2.0 
0.05 
70 
0.03 
55 
0.11 
55 
0.12 
55 
0.15 
60 


5.0 
0.04 
65 
0.07 
65 
0.10 
65 
0.13 
65 
0.17 
70 
10 
10 
0.04 
65 
0.07 
70 
0.10 
70 
0.13 
70 
0.17 
70 


20 
0.03 
70 
0.07 
75 
0.10 
75 
0.13 
75 
0.17 
70 


30 
0.03 
75 
0.06 
75 
0.10 
75 
0.13 
75 
0.17 
70 
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MAXIMUM RATINGS 
BFR91 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
Vcbo 
15 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
35 
mAdc 


Total Device Dissipation @ Ta. = 60°C 
Derate above 60°C 
PD 
180 
2.0 
mW 
mWVC 


Storage Temperature 
TStQ 
-65 to +150 
'C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflUA 
500 
'CAN 


CASE 317A-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25«C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0mAdc, Ib = 0) 


Collector-Base Breakdown Voltage 
(lC = 0.1mAdc. Ie = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, lc = 0) 


Collector Cutoff Current 
(VCB = 5.0 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
dC ° 30 mAdc,Vqe = S.O Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc,Vqe ° 5.0 Vdc,f = 0.5 GHz) 


Collector-Base Capacitance 
(VCB " 10 Vdc> l£ ° 0.1 = 10 MHz) 


Symbol 
Min 


V(BR)CEO 
12 


V(BR)CBO 
15 


V(BR)EBO 
3.0 


•CBO 


hFE 
25 


Ccb 


Typ 
Max 
Unit 


Vdc 


Vdc 


Vdc 


50 
nAdc 


250 


5.0 
GHz 


0.7 
1.0 
PF 


FUNCTIONAL TEST 


mr 
IS2ll2 
n,Gmax " (i -|Sn|2)(i -|s22l2> 


Noise Figure 
dC = 2.0 mAdc,Vce = 5.0 Vdc,f = 0.5 GHz) 
dC = 2.0 mAdc,Vce = 5.0 Vdc,f = 1.0 GHz) 


NF 


- 
1.9 
2.5 


- 


dB 


Power Gain at Optimum Noise Figure 
(lC = 2.0mAdc,Vce = 5.0Vdc,f = 0.5 GHz) 
dC = 2.0mAdc,Vce = 5.0Vdc,f = 1.0 GHz) 


Qnf 


- 
11 
8.0 


- 


dB 


Maximum Available Power(l) 
flC = 30 mAdc, Vce = 5.0 Vdc, f = 0.5 GHz) 
dC = 30 mAdc, Vce = 5.0 Vdc, f = 1.0 GHz) 


Gmax 


_ 
16 
10 


- 


dB 
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FIGURE 1 - 
POWER DERATING 
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FIGURE 2 • POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 
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FIGURE 3 • POWER GAIN AND NOISE 
FIGURE versus COLLECTOR CURRENT 
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FIGURE 4 - Sh PARAMETERS 
Frequency (MHz) 
200 
SOO 
800 
1000 
1500 


VCE 
'C 
(Volts) 
(mA) 
S11 
L0 
S11 
LO 
S11 
L0 
S11 
LO 
S11 
LO 


2.0 
0.72 
•65 
0.51 
•125 
0.46 
-165 
0.47 
170 
0.51 
145 


5.0 
0.49 
•90 
0.35 
-150 
0.34 
175 
0.36 
1SS 
0.41 
135 


5.0 
10 
0.34 
-110 
0.28 
-165 
0.29 
165 
0.32 
145 
0.36 
130 
20 
0.26 
•130 
0.24 
180 
0.27 
155 
0.30 
140 
0.34 
125 


30 
0.24 
-145 
0.24 
175 
0.27 
155 
0.30 
140 
0.34 
125 


2.0 
0.74 
•60 
0.51 
-120 
0.4S 
•160 
0.45 
170 
0.49 
ISO 


5.0 
0.52 
-80 
0.33 
•140 
0.31 
-175 
0.32 
160 
0.37 
145 


10 
10 
0.36 
-95 
0.24 
-155 
0.24 
170 
0.27 
155 
0.31 
140 


20 
0.25 
-115 
0.19 
-170 
0.21 
160 
0.24 
145 
0.29 
130 


30 
0.22 
•120 
0.19 
-175 
0.21 
160 
0.25 
145 
0.20 
130 


FIGURE 5 - 
S22 PARAMETERS 
Frequency (MHz) 
200 
SOO 
800 
1000 
1600 


VCE 
•c 
(Volts) 
(mA) 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 


2.0 
0.83 
-25 
0.62 
•35 
035 
-40 
031 
-45 
0.49 
•60 
5.0 
0.66 
-30 
0.45 
•35 
0.40 
40 
0.37 
-40 
0.34 
-50 
5.0 
10 
0.52 
-35 
0.36 
-35 
0.32 
-35 
0.30 
•35 
0.27 
-SO 


20 
0.42 
-35 
0.30 
-30 
0.27 
-30 
0.26 
-30 
0.22 
•45 


30 
0.38 
-35 
0.28 
•25 
0.26 
-30 
0.2S 
-30 
0.21 
-40 


2.0 
0.86 
-20 
0.67 
-30 
0.62 
-35 
0.S8 
-40 
036 
•SO 


5.0 
0.71 
-25 
0.53 
•30 
0.48 
-30 
0.45 
•35 
0.43 
•45 
10 
10 
039 
-30 
0.45 
•25 
0.41 
-30 
0.40 
•30 
0.37 
-40 


20 
0.50 
-25 
0.40 
-25 
0.38 
-25 
0.37 
•30 
0.34 
-40 


30 
0.47 
-25 
0.40 
•20 
0.38 
-25 
0.37 
•30 
0.34 
•35 
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FIGURE 6 - S21 PARAMETERS 


Frequency (MHz) 
200 
500 
800 
1000 
1500 


vCe 
•c 
(Volts) 
(mA) 
S21 
LO 
S21 
LO 
S21 
1.0 
S21 
LO 
S21 
LO 


2.0 
5.25 
130 
3.06 
95 
2.10 
75 
1.70 
65 
1.20 
50 


5.0 
8.72 
120 
4.34 
90 
2.84 
75 
2.30 
65 
1.60 
50 


5.0 
10 
10.85 
110 
4.92 
85 
3.22 
70 
2.60 
65 
1.80 
50 


20 
12.13 
105 
5.34 
80 
3.44 
70 
2.75 
60 
1.90 
50 


30 
12.50 
100 
5.42 
80 
3.47 
2.75 
60 
1.90 
50 


2.0 
5.36 
135 
3.20 
95 
2.20 
80 
1.85 
65 
1.30 
50 


10 
5.0 
9.05 
120 
4.55 
90 
3.00 
75 
2.45 
65 
1.65 
50 


10 
11.37 
110 
5.22 
85 
3.40 
75 
2.65 
65 
1.85 
50 


20 
12.83 
105 
5.64 
80 
3.63 
70 
2.75 
60 
2.00 
50 


30 
13.10 
100 
5.62 
80 
3.63 
70 
2.75 
60 
2.00 
50 


FIGURE 7-S12 PARAMETERS 


Frequency (MHz) 
200 
500 
BOO 
1000 
1500 


vCE 
(Volts) 
'C 
(mA) 
S12 
1.0 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 


2.0 
0.08 
55 
0.11 
45 
0.12 
50 
0.14 
55 
0.17 
65 


5.0 
0.06 
55 
0.09 
60 
0.13 
65 
0.17 
65 
0.22 
65 


5.0 
10 
0.05 
60 
0.09 
65 
0.14 
70 
0.19 
65 
0.24 
65 


20 
0.05 
70 
0.07 
70 
0.15 
70 
0.19 
70 
0.25 
65 


30 
0.04 
75 
0.10 
75 
0.15 
70 
0.19 
70 
0.25 
65 


2.0 
0.06 
60 
0.09 
45 
0.10 
50 
0.12 
60 
0.15 
70 


5.0 
0.05 
60 
0.08 
60 
0.11 
65 
0.15 
65 
0.19 
70 


10 
10 
0.05 
65 
0.08 
65 
0.12 
70 
0.16 
70 
0.21 
70 


20 
0.04 
70 
0.08 
70 
0.13 
70 
0.17 
70 
0.22 
70 


30 
0.04 
70 
0.08 
75 
0.13 
70 
0.17 
70 
0.22 
70 
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CASE 317A-01, STYLE 2 


MRF961 


CASE 317-01, STYLE 2 


MRF962 


CASE 303-01, STYLE 1 


IY1RF965 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
BRF96 
MRF961 
MRFS62 
MRFS65 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
15 
Vdc 


Collector-Base Vottage 
vcbo 
20 
20 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
3.0 
Vdc 


Collector Current — Continuous 
«C 
100 
100 
mAdc 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 
pd 
0.5 
5.0 
0.75 
7.5 
Wans 
mW/T 


Storage Temperature 
Tstg 
-65 to 


+ 150 
-65 to 


+ 200 


°C 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 ftAdc, l£ = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, Ie = o) 
'CBO 
— 
— 
100 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 50 mAdc, VCe = 10 Vdc) 
hFE 
30 
— 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
fT 
— 
4.5 
— 
GHz 


Collector-Base Capacitance 
(Vcb = 1° Vdc, Emitter Guarded) 
BFRS6, MRFS61, MRF962 
MRFS65 


CCb 


- 
1.2 
1.6 
1.5 
2.0 


pF 


FUNCTIONAL TEST 


Noise Figure 
NF 
— 
2.0 
dB 
(lC = 10 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 


Maximum Available Gain/Insertion Gain 
MAG/|S2ll2 
dB 
(lC = 50 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
BFR96, MRFS65 
-/12 
14.5/13 
— 


MRF961 
-/13.5 
17/15 
— 
MRF962 
-/15 
20.5/16.5 
— 


NOTE 1. MAG = 
|S21|2 
I2W1 -I: 
(1 -|SllR(1 -|S22I2> 
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FIGURE 1 - MAXIMUM AVAILABLE GAIN versus FREQUENCY 


^ 
_ 
1 
« 
7« 
s 
vc 


c 
"^s 
•v, 
2 
20 
^« is. 
^ 
s. 
*«-s 
*-•. s. 
5 
'6 
< 
^, 


i » 
\ 


5 
80 
) KRFS62 
) MRF961 
U 


i « 


s 
•v, 
(3) 
llll 


I. FREQUENCY (GHll 


FIGURE 3 - MAXIMUM AVAILABLE GAIN versus 
COLLECTOR CURRENT 
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FIGURE 5 - 
NOISE FIGURE versus FREQUENCY 


VCE' 
•- 
'c 
• 


ir 
tDfilA 
in 


I. FREQUENCY ICHil 


FIGURE 7 - COLLECTOR-BASE CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 
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FIGURE 2 - iS2i 2 versus FREQUENCY 


I. FREQUENCY (GHll 


FIGURE 4 - 
GAIN-BANDWIDTH PRODUCT venus 
COLLECTOR CURRENT 
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FIGURE 6 - 
NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 8 - OUTPUT POWER AND EFFICIENCY 


versus INPUT POWER IMRF965I 
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FIGURE 9 - MRF865 CLASS C AMPLIFIER 9 SOO MHt. 400 mW 
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Ll - Capper Slrlp; 1/4" Wide X 1" Long 


X O 005" Thick 
L2 - 3/4". 018 AWG 
L3 - 
2 Turns. SIS AWG. 1/4" ID 


13-301 pF - 
Arco 19A11&282 1 
or equivetent 
11 - 10) pF 
- 
Johenson Piston 
Trimmer or equivelent 


Beed - 
Indiene Generel «S6 590 6S 
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BFR96 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
(vCe • io v, ic - bo mA) 


-jSO 


FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 
IVCE - 10 V, lc - 50 mA) 


vCE 


(Volts) 
'C 
ImA) 


f 


(MHz) 


S11 
S21 
Sl2 
S22 


IS11I 
LO 
iS21l 
L0 
IS-I2" 
Lt? 
IS22I 
L0 


5.0 
10 
100 


300 


500 


700 


1000 


1500 


0.51 


0.43 


0.46 


0.48 


0.48 


0.54 


-95 


-163 


174 
162 


146 


121 


15.04 


5.87 


3.61 


2.65 


1.92 


1.40 


121 
92 


79 


68 


57 


43 


0.047 


0.082 


0.120 


0.161 


0.220 


0.320 


54 


58 


63 


63 


63 


58 


0.58 


0.26 


0.19 


0.15 


0.12 


0.13 


-48 


-63 


-63 
-64 
-79 


-118 


25 
100 


300 


500 


700 


1000 


1500 


0.39 


0.39 


0.42 


0.44 


0.44 


0.49 


-122 
-176 


166 


156 


142 


118 


19.41 
631 


4.11 


3.05 


2.20 


1.62 


112 


89 


78 


69 


59 
45 


0.037 


0.079 


0.129 


0.176 


0.244 


0.348 


60 


68 


70 


68 


64 


57 


0.42 


0.16 


0.10 


0.06 


0.06 


0.10 


-68 
-94 


-103 
-119 


-159 


177 


50 
100 


300 


500 


700 


1000 


1500 


0.35 


0.38 


0.42 


0.43 


0.42 


0.47 


-140 


176 


162 


153 


140 


116 


21.10 


7.11 


4.28 


3.16 


2.28 


1.66 


106 


88 


78 


70 


60 


47 


0.032 


0.081 


0.133 


0.183 


0.252 


0.357 


64 


72 


72 


69 
65 


57 


0.33 


0.13 


0.09 


0.07 


0.08 


0.12 


-81 


-116 


-136 


-163 
165 


155 


10 
10 
100 


300 
500 


700 


1000 
1500 


0.53 


0.38 


0.41 


0.42 


0.42 


0.49 


-83 


-154 
-179 


166 


151 


125 


15.96 


6.44 


3.98 


2.94 


2.12 


1.50 


124 


94 


81 


70 


60 


44 


0.039 


0.070 


0.102 


0.138 


0.191 


0.278 


58 


59 


64 


65 


66 


63 


0.65 


0.35 


0.30 


0.27 


0.24 


0.22 


-36 


-41 


-39 
-39 


-47 


-72 


25 
100 


300 


500 


700 


1000 


1500 


0.38 


0.32 


0.35 


0.37 


0.37 


0.43 


-104 


-169 


170 


160 


146 


121 


20.85 


7.54 


4.61 


3.37 


2.43 


1.73 


115 


91 
80 


70 


61 


47 


0.032 


0.070 


0.109 


0.152 


0.210 


0.304 


60 


68 


71 


69 
67 


61 


0.48 


0.23 


0.19 


0.16 


0.13 


0.10 


-48 


-48 


-43 


-39 


-44 


-74 


50 
100 


300 


500 
700 


1000 


1500 


0.33 


0.30 


0.34 


0.36 


0.36 


0.42 


-119 


-176 
166 


158 


144 


119 


22.59 


7.74 


4.70 


3.45 


2.46 


1.75 


109 


88 


79 


70 


61 


47 


0.029 


0.069 


0.113 


0.156 


0.217 


0.310 


63 


72 


73 


70 


66 
60 


0.39 


0.19 


0.16 


0.14 


0.11 


0.08 


-51 


-47 


-40 
-35 


-39 


-72 
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MRFS61 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
IVce° 10 V, lc =50 mA) 


FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 
(VCE » 10 V. lc • SOmA) 


vCe 


(Volts) 
'C 
ImA) 


i 


(MHz) 
Si1 
S21 
Sl2 
S22 


•Sin 
LO 
s2v 
.0 
>S12: 
L0 
IS22I 
L0 


5.0 
10 
100 
0.65 
-101 
16.61 
125 
0.047 
46 
0.61 
-56 


300 
0.64 
-160 
6.61 
96 
0.064 
39 
0.27 
-87 


500 
0.66 
-178 
4.01 
83 
0.078 
45 
0.19 
-98 


700 
0.68 
171 
2.93 
73 
0.093 
49 
0.16 
-108 


1000 
0.68 
160 
2.07 
63 
0.119 
53 
0.16 
-124 


1500 
0.72 
143 
1.43 
50 
0.158 
54 
0.21 
-141 


25 
100 
0.60 
-129 
22.41 
115 
0.034 
44 
0.49 
-84 


300 
0.63 
-172 
7.94 
93 
0.049 
50 
0.26 
-132 


500 
0.66 
174 
4.78 
83 
0.071 
58 
0.21 
-150 


700 
0.67 
166 
3.45 
75 
0.092 
60 
0.20 
-164 


1000 
0.67 
156 
2.46 
66 
0.124 
61 
0.21 
-177 


1500 
0.71 
140 
1.73 
54 
0.173 
60 
0.24 
175 


50 
100 
0.59 
-147 
25.12 
109 
0.025 
46 
0.42 
-104 


300 
0.64 
-178 
8.47 
91 
0.046 
60 
0.28 
-151 


500 
0.67 
171 
5.05 
83 
0.070 
65 
0.26 
-167 


700 
0.68 
164 
3.67 
75 
0.093 
65 
0.25 
-178 


1000 
0.67 
154 
2.60 
67 
0.128 
65 
0.26 
170 


1500 
0.72 
138 
1.83 
56 
0.178 
62 
0.29 
163 


10 
10 
100 
0.65 
-90 
17.47 
128 
0.040 
50 
0.67 
-41 


300 
0.61 
-154 
7.31 
97 
0.057 
41 
0.33 
-57 


500 
0.62 
-174 
4.46 
84 
0.069 
46 
0.25 
-58 


700 
0.64 
175 
3.27 
74 
0.084 
50 
0.22 
-60 


1000 
0.64 
163 
2.33 
64 
0.106 
54 
0.20 
-72 


1500 
0.69 
145 
1.56 
50 
0.140 
57 
0.22 
-96 


25 
100 
0.57 
-116 
24.36 
119 
0.030 
48 
0.51 
-62 


300 
0.58 
-167 
8.10 
94 
0.045 
52 
0.20 
-89 


500 
0.61 
178 
5.43 
83 
0.070 
58 
0.14 
-97 


700 
0.63 
169 
3.93 
75 
0.084 
60 
0.10 
-106 


1000 
0.62 
159 
2.78 
66 
0.112 
61 
0.09 
-124 


1500 
0.67 
142 
1.91 
53 
0.156 
60 
0.12 
-140 


SO 
too 
0.55 
-132 
26.97 
112 
0.024 
47 
0.40 
-73 


300 
0.57 
-173 
9.32 
91 
0.042 
59 
0.16 
-104 


500 
0.60 
174 
5.58 
82 
0.064 
64 
0.11 
-115 


700 
0.62 
167 
4.04 
74 
0.086 
64 
0.08 
-128 


1000 
0.61 
158 
2.85 
66 
0.115 
64 
0.08 
-149 


1500 
0.67 
141 
1.96 
55 
0.158 
61 
0.12 
-158 
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MRF962 COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
(VCe "10 V, lc"50mA) 


FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 
(VCE = 10 V, lc - 50 mA) 


vCe 


(Volts) 
'C 
(mA) 


1 


(MHz) 
S11 
S21 
S12 
S22 
iSnl 
LO 
S21l 
LO 
Si2l 
LO 
!S22I 
LO 
5.0 
10 
100 


300 


500 


700 


1000 


1500 


0.70 


0.75 


0.78 


0.78 


0.78 


0.79 


-102 


-156 
-170 


-176 


176 
167 


17.42 


7.11 


4.36 


3.16 


2.26 


1.51 


128 


98 


86 


77 


67 


54 


0.044 


0.058 


0.064 


0.071 


0.078 


0.092 


43 


24 


25 


26 


27 


29 


0.65 


0.32 


0.26 


0.23 


0.24 


0.31 


-57 


-97 


-110 


-117 


-126 


-133 
25 
100 


300 
500 


700 


1000 


1500 


0.69 


0.77 


0.79 


0.80 


0.79 


0.81 


-131 
-167 


-176 


178 


173 


164 


24.24 


8.76 


5.26 


3.82 


2.72 


1.82 


118 


95 


85 


78 


70 


59 


0.029 


0.039 


0.046 


0.055 


0.067 


0.086 


38 


32 


36 
40 


42 


42 


0.56 


0.35 


0.32 


0.31 


0.32 


0.34 


-87 


-137 


-150 


-158 
-164 


-167 


50 
100 


300 


500 


700 


1000 


1500 


0.71 


0.78 


0.81 


0.81 


0.81 


0.82 


-147 


-173 
179 


176 


171 


163 


27.72 


9.59 


5.72 


4.09 


2.89 


1.96 


113 


94 


85 


78 


71 


62 


0.021 


0.030 


0.038 


0.048 


0.061 


0.082 


37 


40 


46 


50 


51 
49 


0.53 


0.41 


0.39 


0.38 


0.38 


0.40 


-107 


-152 


-163 
-169 


-175 


-177 
10 
10 
100 


300 


500 


700 


1000 


1500 


0.71 


0.74 


0.75 


0.76 


0.76 


0.77 


-92 


-150 


-166 


-174 


179 


168 


18.77 


8.09 


5.01 


3.62 


2.58 


1.72 


131 


100 
87 


78 


69 


55 


0.037 


0.051 


0.056 


0.064 


0.071 


0.085 


47 


28 


28 


28 


30 


31 


0.70 


0.34 


0.27 


0.24 


0.24 


0.31 


-44 


-69 


-75 
-79 


-88 


-104 


25 
100 


300 


500 


700 


1000 


1500 


0.67 


0.73 


0.76 


0.77 


0.77 


0.78 


-120 


-163 


-174 
-179 


175 


166 


27.10 


10.27 


6.21 


4.48 


3.19 


2.13 


122 
97 


86 


78 


71 


59 


0.027 


0.035 


0.043 


0.051 


0.062 


0.080 


42 


36 


39 


41 


43 


42 


0.57 


0.27 


0.22 


0.20 


0.20 


0.25 


-68 


-110 


-124 


-132 


-139 


-142 


50 
. 100 


300 


500 


700 


1000 


1500 


0.68 


0.74 


0.77 


0.77 


0.77 


0.79 


-137 


-169 


-177 


178 


173 


165 


31.53 


11.17 


6.69 


4.82 


3.42 


2.30 


116 
95 
85 


78 


71 


61 


0.020 


0.028 


0.037 


0.047 


0.059 


0.078 


37 


40 


46 


48 


50 
47 


0.49 


0.27 


0.24 


0.23 


0.23 


0.27 


-85 


-131 


-144 


-152 


-158 
-159 
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CASE 317A-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
Vceo 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
25 
Vdc 


Emitter-Base Voltage 
vebo 
2.5 
Vdc 


Collector Current — Continuous 
•c 
35 
mAdc 
Total Device Dissipation @ Tc = 105°C 
Derate above 105°C 
PD 
180 
4.0 
mW 
mWVC 


Storage Temperature 
Tstg 
-65 to 150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Cased) 
R&jc 
250 
'CAN 
(1)Case temperature measured on collector lead immediately adjacent to body of 
package. 


ELECTRICAL CHARACTERISTICS (Ta = 2S°C unlessotherwisenoted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1-0 mAdc, Ib = 0) 
v(BR)CEO 
15 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ie = 0) 
V(BR)CB0 
25 
— 
- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 mAdc, lc = 0) 
v(BR)EBO 
2.5 
- 
- 
Vdc 


Collector Cutoff Current 
(VCb = 10 Vdc, Ie = 0) 
>CBO 
— 
— 
50 
nAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC = 2.0 mAdc, Vce = 10 Vdc) 
hFE 
20 
50 
150 
- 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 10 Vdc. f = O.SGHz) 
tT 
- 
4.5 
— 
I 
GHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc. f = 1.0 MHz, Eminer Guarded) 
Ccb 
— 
O.S 
1.0 
PF 


FUNCTIONAL PERFORMANCE 


Optimum Noise Figure (Tuned) 
dC = 10 mAdc, Vce = 10 Vdc. f = 0.5 GHz) 
NF0pt 
- 
2.7 
- 
dB 


Noise Figure (Untuned, Rs = Rl = SO Q) 
dC = 10 mAdc, VCe = 10 Vdc, f = 0.5 GHz) 
NF 
— 
3.0 
— 
dB 


Maximum Available Gain(2) 
(lC = 10 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
MAG 
— 
16 
— 
dB 


Insertion Gain 
dC = 10 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
|S2ll2 
— 
14 
— 
dB 


lSoi|2 
<2)Gmax =(1_|Sll|2-(i_|S22|2) 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 
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BFW92A 


FIGURE 1 
- 
30-900 MHz BROADBAND AMPLIFIER 


>-£ 
RS =75 n 


0+24V 


C3 
3.3MH 
o.l >jF 
H(- 
<RL =75n 


C2 
(3-10) pF 


vCe = iov 
lC = 10 mA 


C3, C4. C5 — 0.1 uF Chip Capacitor 
L1, L2 — 3.3 tiH Molded Inductor 


All Resistors 1/4W. 20% 


FIGURE 2 — BROADBAND GAIN (Circuit Figure 1) 
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FIGURE 4 - 
MAXIMUM AVAILABLE GAIN 


versus FREQUENCY 
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FIGURE 3 - 
2nd AND 3rd ORDER INTERCEPT POINTS 
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FIGURES-1 S21 2 versus FREQUENCY 
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FIGURE 6 - 
MAXIMUM AVAILABLE GAIN 
versus COUECTOR CURRENT 
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FIGURE 8 - 
NOISE FIGURE 
versus COLLECTOR CURRENT 
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FIGURE 10 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 7 - 
GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 9 - 
NOISE FIGURE 
versus COLLECTOR CURRENT 
Untuned. Rs =RL=50 fl 
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FIGURE 11 - 
NOISE FIGURE versus FREQUENCY 
Untuned Rs =R|. =SO ft 
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FIGURE 12 - Cib INPUTCAPACITANCEversus 
EMITTER BASE VOLTAGE 
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FIGURE 13 - 
COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 
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BFW92A COMMON-EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
(VcE =10V,lC =10mA) 


SMALL-SIGNAL DEVICES 


Coordinates in Ohms 


7-99 


FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 
(VCE =10V, lc =10mA) 
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BFW92A COMMON-EMITTER S-PARAMETERS 


VCE 
(Volts) 
"C 
(mA) 


f 
(MHz) 
S11 
S21 
S12 
S22 


isni 
10 
IS21I 
10 
IS12I 
10 
IS22' 
U 


5.0 
5.0 
100 
200 
500 
800 
1000 


0.71 
0.49 
0.21 
0.17 
0.16 


-33 
-60 
-119 
-161 
176 


11.2 
8.6 
4.5 
3.0 
2.5 


145 
122 
92 
78 
71 


0.031 
0.052 
0.094 
0.137 
0.164 


69 
62 
61 
60 
60 


0.87 
0.70 
0.48 
0.44 
0.44 


-18 
-26 
-30 
-36 
-40 
10 
100 
200 
500 
800 
1000 


0.52 
0.31 
0.14 
0.15 
0.16 


-46 
-75 
-150 
173 
154 


16.6 
11.2 
5.2 
3.3 
2.8 


135 
113 
88 
76 
70 


0.027 
0.044 
0.089 
0.135 
0.164 


67 
65 
67 
65 
64 


0.78 
0.58 
0.40 
0.37 
0.37 


-23 
-29 
-29 
-34 
-38 
15 
100 
200 
500 
800 
1000 


0.40 
0.22 
0.14 
0.16 
0.17 


-55 
-88 
-170 
161 
145 


19.7 
12.1 
5.4 
3.5 
2.9 


129 
109 
86 
76 
69 


0.025 
0.041 
0.087 
0.134 
0.164 


69 
68 
70 
68 
66 


0.72 
0.52 
0.36 
0.34 
0.35 


-26 
-29 
-27 
-33 
-37 
20 
100 
200 
500 
800 
1000 


0.33 
0.18 
0.14 
0.17 
0.18 


-62 
-99 
178 
155 
142 


21.1 
12.5 
5.5 
3.5 
2.9 


125 
106 
85 
75 
69 


0.023 
0.039 
0086 
0.133 
0.164 


69 
69 
72 
69 
67 


0 68 
0.49 
0.35 
0.33 
0.34 


-27 
-28 
-26 
-32 
-37 
25 
100 
200 
500 
800 
1000 


0.27 
0.15 
0.16 
0.19 
0.20 


-69 
-111 
172 
153 
140 


21.9 
12.7 
S.5 
3.5 
2.9 


122 
104 
85 
75 
69 


0.022 
0.038 
0.085 
0132 
0.163 


70 
71 
73 
70 
68 


6.65 
0.47 
0.35 
0.33 
0.33 


-27 
-27 
-25 
-31 
-36 
10 
5.0 
100 
200 
500 
800 
1000 


0.73 
0.53 
0.21 
0.14 
0.11 


-30 
-52 
-98 
-136 
-161 


11.1 
88 
4.7 
3.1 
2.6 


146 
124 
94 
80 
73 


0.026 
0.044 
0082 
0.120 
0.143 


71 
63 
62 
62 
62 


0.90 
0.75 
0.57 
0.53 
0.53 


-14 
-21 
-25 
-30 
-34 
10 
100 
200 
500 
800 
1000 


0.57 
0 35 
0.12 
0.09 
0.09 


-39 
-62 
-117 
-163 
168 


16.7 
115 
5.4 
35 
2.9 


137 
115 
89 
78 
71 


0.023 
0038 
0.078 
0118 
0.144 


70 
66 
69 
67 
66 


0.82 
065 
0.50 
0.47 
048 


-18 
-23 
-23 
-28 
-32 
15 
100 
200 
500 
800 
1000 


0.46 
0.26 
0.09 
0.09 
0.10 


-46 
-68 
-137 
177 
153 


19.9 
12.6 
5.6 
3.7 
3.0 


130 
110 
87 
77 
71 


0.021 
0.035 
0076 
0117 
0.143 


70 
68 
71 
69 
68 


0.77 
0.60 
0.47 
0.45 
0.46 


-20 
-22 
-21 
-27 
-31 
20 
100 
200 
SOO 
800 
1000 


0.39 
0.21 
008 
0.10 
0.11 


-50 
-73 
-154 
168 
148 


21.5 
13.0 
57 
37 
3.0 


126 
107 
86 
76 
71 


0.020 
0.034 
0.075 
0117 
0 142 


70 
71 
72 
70 
69 


0.74 
058 
0.46 
0.45 
0.45 


-21 
-21 
-20 
-27 
-31 
25 
100 
200 
SOO 
800 
1000 


0.34 
0.17 
0.08 
Oil 
013 


-54 
-79 
-166 
162 
144 


223 
13 0 
5.7 
37 
30 


123 
105 
86 
76 
70 


0.019 
0033 
0.075 
0116 
0141 


70 
71 
73 
70 
69 


0.71 
057 
0.47 
0.45 
0.46 


-20 
-20 
-19 
-26 
I 
-30 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VcEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
30 
Vdc 


Emitter-Base Voltage 
Vebo 
2.5 
Vdc 


Collector Current — Continuous 
ic 
50 
mAdc 


Total Continuous Device Dissipation 
@ Tt\ = 25>C 
Derate above 25°C 


PD 
200 
1.14 
mW 
mW/'C 


Storage Temperature 
Tstn 
-65 to +200 
•c 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25"C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Iq" 10mAdc, Ib " 0) 


Collector Cutoff Current 
(VCB " 15 Vdc, Ie " 0) 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 2.0 mAdc. Vce = 10 Vdc) 
dc " 25 mAdc, VcE " 1-0 V<*C' 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Productd) 
dC =• 2.0mA, Vce = 50 Vdc<f = 5C0 MH|> 


dC •= 25mA, Vce = 50 Vdc, f = 500MHz) 


Emitter-Base Capacitance 
(VEB " 0-5Vdc,lc ° 0, f = 10 MHz) 
Collector-BaseCapacitance(2) 
(VcB = 10Vdc,lE =• 0. f = 1.0 MHz) 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gaind) 
(vCe ° 10vdc> lc = 8° mA-f = 200mhz) 


Spot Noise Figure (Rs ° Optimum){1) 
(Vce ° 5.0Vdc,lc " 2.0 mA,f = 500 MHz) 


(1) Pin 4 is grounded. 
(2) Pin 4 is not grounded. 
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BFY90 


BFX89 
BFY90 


BFX89 
BFY90 


BFX89 
BFY90 


7-101 


Symbol 


V(BR)CEO 


ICBO 


hpE 


Cjbo 


Ccb 


ape 


NF 


Min 


15 


25 
20 


1.0 


1.3 


19 


Typ 


1.0 


1.1 


0.85 
0.85 


21 


2.5 
2.5 


Max 


10 


ISO 
125 


2.0 


1.7 
1.S 


6.5 
5.0 


Unit 


Vdc 


nAdc 


GHz 


PF 


PF 


dB 


dB 
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FIGURE 1 - 
POWER GAIN versus FREQUENCY 
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FIGURE 3 — NOISE FIGURE versus FREQUENCY 


5.0 


/ 
4.0 


CO 


I 3.0 
u 


UJ 
VI 
§2.0 
vce 
"c= 


= 5.0 


2.0 n 


V 


nA 


1.0 


0 
0.2 
0.3 
0.4 
0.5 
0.7 
1.0 
I. FREQUENCY (GHz) 


FIGURES —CURRENT GAIN-BANDWIDTH PRODUCT 
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BFX89 • 
BFY90 


COMMON EMITTER SCATTERING PARAMETERS 


FIGURE 7 - 
INPUT AND OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 
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FIGURE 8 - 
FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 
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S - 
PARAMETERS 


vce 
(Volts) 
'c 
(mA) 
Frequency 
(MHz) 
S11 
S21 
S12 
S22 


isnl 
10 
16211 
10 
IS12I 
/.o 
IS22I 
10 


5.0 
2.0 
100 
0.81 
-37 
5.76 
148 
0.031 
72 
0.95 
-11 


200 
0.64 
-66 
4.56 
127 
0.050 
63 
0.87 
-17 


400 
0.41 
-105 
2.91 
102 
0.071 
62 
0.79 
-23 


800 
0.26 
-157 
1.63 
77 
0.105 
74 
0.75 
-34 


1000 
0.23 
179 
1.38 
68 
0.129 
80 
0.74 
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5.0 
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0.60 
-54 
9.73 
133 
0.026 
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10 
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0.71 
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25 
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0.32 
-71 
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0.21 
-99 
7.27 
99 
0.029 
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-12 
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3.81 
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81 
0.76 
-16 
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68 
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1.62 
61 
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89 
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SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-103 


MD4957 


CASE 654-02, STYLE 1 
TO-78 


DUAL 
HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
Vceo 
30 
Vdc 
Collector-Base Voltage 
Vcbo 
30 
Vdc 
Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current 
ic 
30 
mAdc 


One Side 
Both Sides 
Total Device Dissipation 
@ Ta = 25°C 
Derate above 2S°C 


PD 
200 
1.15 
400 
2.3 
mW 
mW/°C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (Ta =• 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
v(BR)CEO 
30 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100ftAdc,Ie = 0) 
V(BR)CBO 
30 
— 
- 
Vdc 


Emitter-BaseBreakdown Voltage 
(IE = 100/iAdc, lc = 0) 
v(BR)EBO 
3.0 
- 
- 
Vdc 


Collector Cutoff Current 
(Vcb = 20 vdc, Ie = o) 
'CBO 
— 
- 
0.1 
ftAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC = 2.0 mAdc,Vce = 10 Vdc) 
hFE 
20 
- 
150 
- 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 2.0 mAdc, Vce = 10 Vdc. f = 100 MHz) 
«T 
1000 
1500 
- 
MHz 


Collector-Base Capacitance 
(VCB = 10 Vdc, l£ = 0. f = 100 kHz) 
Ccb 
— 
0.4 
0.8 
PF 


Small Signal Current Gain 
dC = 2.0 mAdc, Vce = 10 Vdc,f = 1.0 kHz) 
hfe 
20 
— 
200 
- 


Collector Base Time Constant 
(IE= 2.0 mAdc, VCb = 10 Vdc,f = 63.6 MHz) 
rb'Cc 
— 
4.0 
8.0 
ps 


Noise Figure 
(lC = 2.0 mAdc, Vce = 10 Vdc, f = 450 MHz)(Rgure 1) 
dC •=• 2.0 mAdc,Vce = 10 Vdc,Rs = 50 ohms, f = 1.0 GHz) 


NF 


- 
2.6 
5.0 


- 
dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Vce ° 10 Vdc, lc = 2.0 mAdc, f = 450 MHz) (Rgure 1) 
(Vce = 10 Vdc. IC = 2.0 mAdc, Rs = 50 ohms, f = 1.0 GHz) 


Gp0 


- 
18 
13 


- 
dB 
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TYPICAL NOISE FIGURE vs. FREQUENCY 
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FIGURE 3 - 
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FIGURE 4 - 
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RGURE 5 - 
REVERSE TRANSFER AOMITTANCE 
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Y PARAMETERS versus FREQUENCY 
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CASE 714-02 


WIDEBAND HYBRID AMPURER 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vdc 
28 
Vdc 


Input Power 
Pin 
S.O 
dBm 


Operating Case Temperature Range 
Tc 
-20 to +90 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICALCHARACTERISTICS (Voc = 24Vdc, Z0 = 50 n, Tc = 25*C. All characteristicsguaranteed over bandwidth listed under 
"Frequency Range," unless specified otherwise.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
— 
400 
MHz 


Power Gain 
Gd 
31.5 
34 
35.5 
dB 


Gain Flatness 
F 
— 
— 
±1.5 
dB 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


VSWR 


- 
1.5:1 
2:1 


- 


1 dB Compression 
(f = 10 MHz) 
(f o 200 MHz) 
(f = 400 MHz) 


P1 


700 
800 
800 
300 


- 


mW 


Reverse Isolation 
PRI 
43 
50 
— 
dB 


2nd Harmonic 
IPout = 10 mW) 
dso 
— 
-66 
— 
dB 


Third Order Intercept 
"TO 
— 
43 
— 
dBm 


Peak Envelope Power for -32 dB 
Distortion 


PEP 
— 
500 
— 
mW 


Noise Rgure 
(f = 60 MHz) 
(f = 300 MHz) 


NF 


- 
4.0 
3.S 
S.S 


dB 


DC Voltage 
vdc 
— 
24 
28 
V 


DC Current 
'DC 
— 
300 
340 
mA 
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FIGURE 1 - 
POWER GAIN ANO RETURN 
LOSS versus FREQUENCY 
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FIGURE 3 - 
POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 2 - 
POWER GAIN versus FREQUENCY 
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FIGURE 4 - 
NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6 -OUTPUT POWER versus INPUT POWER 
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IMDS - FIFTH ORDER INTERMODULATION 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vdc 
16 
Vdc 


Input Power 
Pin 
3.0 
dBm 


Operating Case Temperature Range 
TC 
-20 to +90 
•c 


Storage Temperature Range 
Tsta 
-40 to +100 
•c 


MHW591 


CASE 714-02 


WIDEBAND HYBRID AMPUFIER 


ELECTRICAL CHARACTERISTICS (VDc - 13.6 Vdc,Zq = 50 n, TC - 25'C. 
under "Frequency Range," unless specified otherwise.) 
All characteristics guaranteed over bandwidth listed 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


Frequency Range 
BW 
1.0 
— 
250 
MHz 


Power Gain 
Go 
34.5 
36.5 
38 
dB 


Gain Flatness 
F 
— 
— 
±1.5 
dB 


Voltage Standing Wave Ratio, In/Out 
(f = 1.0-30 MHz) 
(f = 30-250 MHz) 


VSWR 


- 
1.5:1 
2:1 


- 


" 


1 dB Compression 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 


P1 
650 
800 
700 
250 


- 
mW 


Peak Envelope Power 
(IMD3 = -30dB,f = 30 MHz) 
(IMD3 = -30 dB, f = 100 MHz) 
(IMD3 = -30 dB, f = 250 MHz) 


PEP 
700 
850 
600 
300 


- 
mW 


Noise Figure 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 


NF 


- 
3.7 
3.7 
4.5 


5.0 
dB 


DC Voltage 
vdc 


— 
13.6 
16 ""! 
V 


DC Current 
'DC 
— 
300 
340 
mA 
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FIGURE 1 - 
POWER GAIN versus FREQUENCY 
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FIGURE 3 - 
POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE S - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 2 - 
POWER GAIN versus FREQUENCY 
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FIGURE 4 - NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 7 - 
INTERMODULATION 
DISTORTION versus OUTPUT POWER 
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FIGURE 9 - DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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CASE 714-02 


WIDEBAND HYBRID AMPUFIER 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 


Supply Voltage 
vdc 
28 
Vdc 


Input Power 
Pin 
5.0 
dBm 


Operating Case Temperature Range 
Tc 
-20 to +90 
°C 


Storage Temperature Range 
Tstq. 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (Vqc = 24Vdc, Zq = 50n, Tc = 25°C. All characteristics guaranteed over bandwidth listed under 
"Frequency Range,"unless specifiedotherwise.) 


Characteristic 


Frequency Range 


Power Gain 


Gain Flatness 
Voltage Standing Wave Ratio, In/Out 
(f = 1.0-30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) 
(f = 100 MHz) 
(f =• 250 MHz) 


Peak Envelope Power 
(IMD3 = -30 dB, f = 30 MHz) 
(IMD3 = -30 dB, f = 100 MHz) 
(IMD3 = -30 dB. f = 250 MHz) 


Noise Rgure 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 


DC Voltage 


DC Current 


MOTOROLA SEMICONDUCTORS 
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Symbol 
Min 


BW 
1.0 


33.5 


VSWR 


PI 
750 


PEP 
700 


NF 


Vdc 


'DC 


Typ 


35 


1.5:1 
2:1 


900 
900 
750 


850 
850 
600 


3.6 
3.7 
3.9 


24 


300 


Max 
Unit 


250 
MHz 


36.5 
dB 


±1.0 
dB 


mW 


mW 


dB 
5.0 


28 


340 
mA 
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FIGURE 1 - POWER GAIN venus FREQUENCY 
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FIGURE S - OUTPUT POWER venus INPUT POWER 
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FIGURE 2 - 
POWER GAIN venus FREQUENCY 
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FIGURE 4 - 
NOISE FIGURE venus SUPPLY VOLTAGE 
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FIGURE 6 - OUTPUT POWER venus INPUT POWER 
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FIGURE 7 - 
INTERMODULATION 
DISTORTION venus OUTPUT POWER 


FIGURE 8 - 
INTERMODULATION 
DISTORTION venus OUTPUT POWER 
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FIGURE 9 - 
DC CURRENT DRAIN venus SUPPLY VOLTAGE 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vdc 
16 
Vdc 


Input Power 
Pin 
3.0 
dBm 


Operating Case Temperature Range 
TC 
-20 to +80 
•c 


Storage Temperature Range 
Tsta 
-40 to +100 
•c 


MHW593 


CASE 714-02 


WIDEBAND HYBRID AMPUFIER 


ELECTRICALCHARACTERiSTICS (VDC = 13.6 Vdc,Z0 
under "Frequency Range," unless specified otherwise.) 
= 50 fl, Tc - 25°C.All characteristics guara iteed over bandwidth isted 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
— 
400 
MHz 


Power Gain 
Gd 
33 
34.5 
36 
dB 


Gain Flatness 
F 
— 
- 
±1.0 
dB 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


VSWR 


- 
1.5:1 
2:1 


- 


1 dB Compression 
(f = W MHz) 
(f = 200 MHz) 
(f = 400 MHz) 


P1 


500 
600 
600 
200 


- 


mW 


Reverse Isolation 
PRI 
45 
50 
- 
dB 


2nd Harmonic 
(Pout = 10 mW) 
dso 
— 
-55 
— 
dB 


Third Order Intercept 
"TO 
— 
38 
— 
dBm 


Peak Envelope Power for -32 dB 
Distortion 


PEP 
— 
300 
— 
mW 


Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


NF 


- 
3.7 
4.0 
5.5 


dB 


DC Voltage 
vdc 
- 
13.6 
16 
V 


DC Current 
•dc 
— 
300 
340 
mA 


SMALL-SIGNAL DEVICES 
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FIGURE 1 - 
POWER GAIN AND RETURN 
LOSS venus FREQUENCY 
FIGURE 2 - 
POWER GAIN venus FREQUENCY 
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FIGURE 3 - 
POWER GAIN venus SUPPLY VOLTAGE 
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OUTPUT POWER venus INPUT POWER 
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FIGURE 4 - 
NOISE FIGURE venus SUPPLY VOLTAGE 
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FIGURE 6 - OUTPUT POWER venus INPUT POWER 
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FIGURE 7 - 
INTERMODULATION DISTORTION - THIRD 
OROER venus OUTPUT POWER 
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FIGURE 9 - 
INTERMODULATION DISTORTION - THIRD 
ORDER venus OUTPUT POWER 
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FIGURE 8 - 
INTERMODULATION DISTORTION - 
FIFTH 
ORDER venus OUTPUT POWER 
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FIGURE 10 - 
INTERMODULATION DISTORTION - 
FIFTH 
ORDER venus OUTPUT POWER 
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FIGURE 11 -DC CURRENT DRAIN venus SUPPLY VOLTAGE 
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MM4018 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 
Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
0.4 
Adc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
I 
UnH 
| 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 6.0 mAdc, h: = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 1.0 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 15 Vdc, lB = 0) 
'CEO 
— 
— 
20 
ftAdc 


Collector Cutoff Current 
(Vcb = is vdc, ie = oi 
•CBO 
— 
— 
10 
uAdc 


Collector Cutoff Current 
(Vce = 40 vdc, vBe = o) 
"CES 
— 
— 
0.1 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 50 mAdc, Vce = 5-0 Vdc) 
hpE 
10 
- 
- 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VCe = 15 Vdc, f = 100 MHz) 
fT 
- 
900 
- 
MHz 


Output Capacitance 
(Vcb = 12.5 Vdc, Ig = 0, f = 100 kHz) 
c0D0 
— 
3.5 
— 
pF 


FUNCTIONAL TEST 


Power Output 
(Figure 1) 
(Pin = 50 mW. VCc = 12.5 Vdc, f = 175 MHz) 
pout 
0.5 
- 
- 
Watt 


Collector Efficiency 
(Figure 1) 
(Pin = 50 mW, Vcc = 12.5 Vdc, f = 175 MHz) 


1 
45 
55 
— 
% 


MOTOROLA SEMICONDUCTORS 
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MM4018 


FIGURE 1 - 
175 MHi OUTPUT POWER TEST CIRCUIT 
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FIGURE 3 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 
1 


Vcc-12.5 Vdc 


i-t: 5 MHj 


Pin. POWER INPUT (rrtYi 


FIGURE 4 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
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Vcc--12.5 Vdc 
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FIGURE S - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


Refer to 2NS160 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
40 
Vdc 
Collector-Base Voltage 
vcbo 
60 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
1.0 
Adc 
Total DeviceDissipation @ Tq = 25°C 
Derate above 25*C 
Pd 
5.0 
28.6 
Watts 
mW/'C 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
•C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc. Ib = 0) 
V(BR)CEO 
40 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 10 mAdc, Ie = 0) 
v(BR)CBO 
60 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 Adc, lc = 0) 
v(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 30 vdc. is « o) 
'CEO 
— 
— 
0.1 
mAdc 


Emitter Cutoff Current 
(Vbe = 4.o vdc, ic = o) 
>EBO 
— 
— 
0.1 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 250 mAdc, Vce = 5.0 Vdc) 
hFE 
10 
— 
— 
— 


Collector-Emitter Saturation Voltage 
dC = 250 mAdc, Ib = 50 mAdc) 
VcE(sat) 
— 
— 
1.0 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 100 mAdc, Vce = 28 Vdc, f = 100 MHz) 
fT 
— 
750 
— 
MHz 


Output Capacitance 
(Vcb = 30 Vdc, lE = 0, f = 100 kHz) 
Cobo 
— 
7.5 
— 
pF 


FUNCTIONAL TEST 


Power Output 
(Pin = 0.5 W, Vcc = 28 Vdc, f = 400 MHz) 
Pout 
— 
2.0 
— 
Watts 


Collector Efficiency 
(Pout = 2.5 W, Vcc = 28 Vdc, f = 175 MHz) 


V 
50 
— 
— 
% 


Power Input 
(Pout = 2.5 W, Vcc = 28 Vdc, f = 175 MHz) 
Pin 
— 
— 
0.25 
Watt 
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RF Input y Q 2jf- 


SMALL-SIGNAL DEVICES 


FIGURE 1 - 
175 MHz TEST CIRCUIT 
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Ll 
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MM4049 
MRF534 
MRF536 


MRF534 
CASE 22-03, STYLE 1 
TO-206AA 


MRF536 
CASE 317-01, STYLE 2 


MM4049 
CASE 20-03, STYLE 2 
TO-206AF 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


MAXIMUM RATINGS 


MM4049 
Case 20-03 
TO-206AF 


MRF534 
Case 22-03 
TO-206AA 


MRF536 
Case 317-01 
Macro-X 


Collector-Emitter Voltage 
VCEO 
10 
10 
10 
Vdc 


Collector-Base Voltage 
Vcbo 
15 
15 
15 
Vdc 


Emitter-Base Voltage 
Vebo 
4.5 
4.5 
4.5 
Vdc 


Collector Current — 
Continuous 
"c 
30 
30 
30 
mAdc 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25'C 
pd 


200 
1.14 
300 


1.71 
300 
2.40 
mW 
mW/'C 


Operating and Storage 
Junction 
Temperature Range 


TJ' Tstg -65 to +200 
-65 to +200 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 2.0 mAdc, Ib = 0) 
V(BR)CE0 
10 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 ftAdc, lE = 0) 
V(BR)CBO 
15 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc. lc = 0) 
V(BR)EBO 
4.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 10 vdc, ig = o) 
>CBO 
— 
— 
10 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 25 mAdc, Vce = 2.0 Vdc) 


SMALL-SIGNAL CHARACTERiSTICS 


hpE 
20 
200 


Current-Gain — Bandwidth Product 
(lC = 20 mAdc, Vce = 5.0 Vdc, f = 500 MHz) 
MRF534,MM4049 
MRF536 


tT 
4.0 
5.0 


- 
- 


GHz 


Collector-Base Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
— 
1.3 
pF 


FUNCTIONAL TEST 


Maximum Available Gain 
MAG 
dB 
(lC = 15 mAdc, Vce = 5.0 Vdc, f = 500 MHz) 
MRF534 
10 
12 
— 
(lC = 15 mAdc, Vce = 5-0 Vdc, f = 500 MHz) 
MM4049 
11.5 
13 
— 
(lC = 15 mAdc, Vce = 5.0 Vdc, f = 1.0 GHz) 
MRF536 
8.5 
10 
— 


MOTOROLA SEMICONDUCTORS 
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MM4049 • 
MRF534 • 
MRF536 


FIGURE 1 - 
CURRENT GAIN - 
BANDWIDTH 
PRODUCT versus CURRENT 


FIGURE 2 - 
MAXIMUM AVAILABLE GAIN versus 
COLLECTOR CURRENT 
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FIGURE 3 - 
NOISE FIGURE versus FREQUENCY 
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MM4049 COMMON-EMITTER S-PARAMETERS 


VCE 
(Volts) 
•c 
(mA) 


f 
(MHz) 
Sll 
S21 
S12 
S22 
'SlV 
LO 
IS21I 
/* 
IS12I 
10 
IS22I 
10 


5.0 
5.0 
200 
400 
600 
800 
1000 


0.634 
0.469 
0.379 
0.368 
0.381 


-31 
-34 
-40 
-51 
-54 


6.37 
3.95 
2.90 
2.32 
1.93 


120 
93 
77 
65 
55 


0.060 
0.107 
0.147 
0.183 
0.223 


69 
65 
62 
56 
50 


0.711 
0.602 
0.587 
0.55 
0.528 


-23 
-30 
-33 
-36 
-44 


10 
200 
400 
600 
800 
1000 


0.523 
0.418 
0.344 
0.345 
0.366 


-29 
-28 
-34 
-46 
-50 


7.79 
3.74 
3.20 
2.54 
2.09 


112 
89 
74 
64 
54 


0.056 
0.104 
0.146 
0.184 
0.225 


72 
68 
65 
58 
52 


0.632 
0.543 
0.542 
0.513 
0.493 


-23 
-29 
-32 
-34 
-42 


20 
200 
400 
600 
800 
1000 


0.454 
0.390 
0.325 
0.327 
0.351 


-25 
-23 
-30 
-44 
-48 


8.43 
4.67 
3.31 
2.61 
2.15 


106 
85 
72 
62 
52 


0.065 
0.105 
0.148 
0.188 
0.231 


73 
70 
66 
59 
52 


0.584 
0.513 
0.620 
0.497 
0.476 


-21 
-27 
-30 
-32 
-41 


10 
5.0 
200 
400 
600 
800 
1000 


0.731 
0.589 
0.502 
0.496 
0.499 


-25 
-30 
-38 
-49 
-54 


5.83 
3.65 
2.71 
2.21 
1.83 


121 
95 
79 
68 
58 


0.053 
0.096 
0.132 
0.164 
0.198 


70 
67 
64 
57 
51 


0.736 
0.654 
0.645 
0.612 
0.592 


-18 
-26 
-29 
-33 
-42 


10 
200 
400 
600 
800 
1000 


0.643 
0.542 
0.466 
0.465 
0.476 


-25 
-27 
-34 
-46 
-51 


7.37 
4.28 
3.10 
2.49 
2.05 


114 
90 
76 
66 
57 


0.051 
0.094 
0.132 
0.166 
0.202 


71 
69 
65 
59 
53 


0.668 
0.060 
0.603 
0.577 
0.557 


-18 
-25 
-28 
-31 
-40 


20 
200 
400 
600 
800 
1000 


0.57 
0.496 
0.427 
0.427 
0.445 


-23 
-24 
-31 
-43 
-47 


8.44 
4.73 
3.38 
2.69 
2.21 


109 
88 
75 
66 
57 


0.049 
0.093 
0.131 
0.165 
0.203 


73 
71 
67 
60 
54 


0.621 
0.562 
0.572 
0.551 
0.532 


-18 
-24 
-27 
-30 
-38 


MRF534 COMMON-EMITTER S-PARAMETERS 


vce 
(Volts) 
'C 
(mA) 


f 
(MHz) 
S11 
S21 
S12 
S22 
IS11I 
lo 
IS21I 
10 
•Si* 
10 
IS22I 
U 
5.0 
5.0 
200 
400 
600 
800 
1000 


0.734 
0.580 
0.444 
0.400 
0.366 


-22 
-28 
-37 
-47 
-47 


3.70 
2.56 
2.09 
1.80 
1.55 


126 
108 
95 
86 
79 


0.066 
0.116 
0.158 
0.195 
0.234 


66 
65 
62 
56 
51 


0.507 
0.409 
0.403 
0.364 
0.348 


-39 
-48 
-52 
-56 
-69 


10 
200 
400 
600 
800 
1000 


0.645 
0.503 
0.376 
0.333 
0.295 


-27 
-33 
-43 
-54 
-54 


5.36 
3.44 
2.68 
2.24 


1.91 


124 
106 
93 
84 
77 


0.058 
0.109 
0.153 
0.192 
0.233 


69 
71 
69 
65 


61 


0.394 
0.316 
0.323 
0.290 
0.276 


-43 
-52 
-52 
-55 
-71 


20 
200 
400 
600 
800 
1000 


0.586 
0.454 
0.329 
0.289 
0.248 


-28 
-34 
-46 
-59 
-58 


5.90 
3.73 
2.87 
2.38 
2.04 


122 
105 
93 
85 
77 


0.053 
0.099 
0.143 
0.181 
0.221 


70 
73 
72 
68 
65 


0.338 
0.259 
0.267 
0.240 
0.235 


-52 
-60 
-58 
-59 
-75 


10 
5.0 
200 
400 
600 
800 
1000 


0.752 
0.624 
0.512 
0.476 
0.447 


-21 
-26 
-34 
-44 
-45 


4.28 
2.77 
2.19 
1.86 
1.60 


125 
107 
94 
86 
79 


0.066 
0.123 
0.168 
0.207 
0.246 


70 
68 
65 
60 
55 


0.550 
0.495 
0.503 
0.464 
0.443 


-28 
-38 
-44 
-51 
-64 


10 
200 
400 
600 
800 
1000 


0.685 
0.553 
0.433 
0.391 
0.359 


-24 
-28 
-37 
-49 
-47 


5.47 
3.46 
2.68 
2.25 
1.92 


123 
105 
93 
85 
78 


0.060 
0.113 
0.156 
0.194 
0.233 


71 
71 
68 
63 
59 


0.442 
0.385 
0.397 
0.362 
0.342 


-33 
-42 
-46 
-51 
-65 


20 
200 
400 
600 
800 
1000 


0.621 
0.488 
0.365 
0.323 
0.290 


-26 
-31 
-41 
-52 
-50 


6.38 
3.97 
3.04 
2.51 
2.13 


121 
104 
93 
85 
79 


0.055 
0.103 
0.145 
0.182 
0.219 


71 
72 
70 
66 
63 


0.372 
0.316 
0.332 
0.301 
0.288 


-40 
-48 
-50 
-54 
-68 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


7-126 


MM4049 • 
MRF534 • 
MRF536 


MRF536 COMMON-EMITTER S-PARAMETERS 


Ivcsl 
{(Volte) 
'C 
(mA) 


I 
(MHz) 


S11 
S21 
Sl2 
S22 
| 


'Sill 
LO 
IS21' 
U 
«12! 
10 
IS22" 
10 


5.0 
5.0 
400 
800 
1200 
1600 
2000 


0.401 


0.181 
0.136 


0.151 


0.16 


-74 


-102 


-157 
175 
148 


5.38 


3.03 


2.13 


1.68 


1.44 


108 
86 
70 
59 


52 


0.09 


0.138 


0.181 


0.21 


0.24 


54 


51 
48 
45 


41 


0.49 


0.35 


0.32 


0.27 


0.269 


-48 
-64 


-70 


-80 


-100 


10 
400 
800 
1200 
1600 
2000 


0.289 
0.14 


0.174 


0.196 
0.227 


-94 
-137 
169 
154 


130 


6.58 


3.55 


2.46 
1.93 


1.65 


103 
84 
70 
60 


51 


0.076 


0.122 


0.165 


0.196 


0.230 


56 


55 


S3 
50 
46 


0.379 


0.266 


0.238 


0.198 
0.202 


-56 


-73 
-77 


-87 
-110 


20 
400 
800 
1200 
1600 
2000 


0.233 


0.163 


0.233 
0.253 


0.290 


-118 
-169 
156 


144 
123 


7.28 


3.88 


2.65 


2.06 


1.75 


99 
82 
69 
59 
50 


0.066 
0.110 


0.153 
0.186 


0.220 


60 
59 
57 
55 


51 


0.296 
0.204 


0.179 


0.143 


0.160 


-65 
-84 
-84 


-96 


-121 


10 
6.0 
400 
800 
1200 
1600 
2000 


0.478 


0.279 
0.166 


0.151 


0.110 


-54 


-66 
-97 


-123 


-158 


5.14 


2.90 


2.08 


1.67 


1.44 


109 
88 
73 
64 


55 


0.086 


0.141 


0.184 


0.209 


0.243 


58 
53 
48 
44 


39 


0.535 
0.420 


0.388 


0.33 
0.313 


-39 
-55 


-62 


-72 


-90 


10 
400 
800 
1200 
1600 
2000 


0.356 


0.182 


0.119 


0.131 
0.135 


-67 


-84 


-141 


-166 
154 


6.59 


3.59 


2.53 


2.00 


1.72 


105 
86 


73 
62 
55 


0.075 
0.124 


0.166 
0.193 
0.226 


59 
56 
52 
49 
45 


0.418 


0.311 
0.284 
0.230 


0.222 


-47 


-62 
-67 


-76 


-98 


20 
400 
800 
1200 
1600 
2000 


0.26 


0.124 


0.148 
0.172 


0.201 


-85 
122 
172 


158 
130 


7.66 


4.09 


2.83 


2.22 
| 
1.88 


101 
84 
72 
62 
54 


0.066 


0.111 
0.152 


0.182 
| 0.214 


61 
59 
56 
54 
50 


0.328 
0.236 


0.216 


0.172 


0.171 


-53 
-69 


-71 


-80 
-104 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-127 


MM8000 
MM8001 
MM8002 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 
Emitter-Base Voltage 
Vebo 
3.5 
Vdc 


Collector Current 
ic 
0.4 
Adc 
Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 
pd 
3.5 
20 
Watts 
mWVC 
Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERiSTICS 


Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAdc, Ib = 0) 
vCEO(sus) 
30 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
v(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(vCE = 28 vdc. iB = o) 
'CEO 
— 
— 
20 
uAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 50 mAdc, VCe = 15 Vdc) 
hFE 
30 
- 
- 
- 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 25 mAdc, Vce = 15 Vdc, f = 200 MHz) 
MM8000 
MM8001 
MM8002 


dC = 50 mAdc, VCe = 15 Vdc, f = 200 MHz) 
MM8000 
MM8001 
MM8002 


(lC = 100 mAdc, Vce = 15 Vdc, f = 200 MHz) 
MM8000 
MM8001 
MM8002 


fT 
550 
700 
1000 


700 
900 
1200 


700 
900 
1000 


- 


-- 


MHz 


Output Capacitance 
(Vcb = 30 Vdc, lE = 0, f = 1.0 MHz) 
cobo 
— 
— 
3.5 
PF 


Noise Figure (Figure 1) 
(lC = 10 mAdc, Vce = 15 Vdc, f = 200 MHz) 
NF 
— 
2.7 
— 
dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
dC = 10 mAdc, Vce = 15 Vdc, f = 200 MHz) 
Gpe 
— 
11.4 
- 
dB 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


7-128 


MM8000 • 
MM8001 
• 
MM8002 


FIGURE 1 - 200 MHz TEST CIRCUIT 
^^ Com (ZL'SOIB 


Cl 


Rl* 
*C5 


7^c3 


C2/^ 
L2J 
C6 


6-VEE 


SMALL-SIGNAL DEVICES 


7-129 


C1.C2.C3: 1.0-30pF 
C4: 1.0-20pF 
C5: 10.000pF 
C6.C7: 1000pF 
C8: 0.01 (iF 


L|: 4-1/2turns.No.22 
AWGwilt. 3/16" I.O. 
L4: 3-1/2turns. No.22 
AWGwira.3/1E"I.D. 
L2.L3: 0.82(iH RFC 
H|: 240 ohms.2wilts 


MOTOROLA SEMICONDUCTORS 


MM8009 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Collector-Emitter Voltage 
VCEO 
35 
Vdc 
Collector-Base Voltage 
vcbo 
45 
Vdc 
Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
'C 
400 
mAdc 
Total Device Dissipation@ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
5.71 
Watt 
mW/*C 
Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 
pd 
3.5 
20 
Watts 
mW/°C 
Operating and Storage Junction 
Temperature Range 
TJ-Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25°C unlessotherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
dC = 100 /»Adc, Ie = 0) 
V(BR)CBO 
45 
- 
- 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 ftAdc, lC = 0) 
v(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 15 vdc, is = o» 
'CEO 
— 
— 
100 
ftAdc 


Collector Cutoff Current 
(Vce = 35 vdc, vBe = o) 
'CES 
— 
— 
10 
uAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc " 100 mAdc, Vce = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


hFE 
20 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VC£ = 15 Vdc, f = 100 MHz) 
fT 
1000 
- 
- 
MHz 
{ 


Output Capacitance 
(Vcb = 30 Vdc, lE = 0, f = 1.0 MHz) 
C0bo 
— 
2.3 
3.0 
PF 


FUNCTIONAL TEST 


Power Output 
(Figure 1) 
(Pin = 316 mW, Vce = 28 Vdc, f = 1.0 GHz) 
Pout 
0.9 
- 
- 
Watt 


Power Output (Oscillator) 
(Figure 2) 
(Vce = 20 Vdc, VEB = 1.5 Vdc, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


Pout 
— 
0.3 
— 
Watt 


Collector Efficiency 
(Pjn = 316 mW. VCe = 28 Vdc, f = 1.0 GHz) 
V 
35 
— 
— 
% 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


7-130 


MM8009 


FIGURE 1 - 
1.0 GHz POWER AMPLIFIER TESTCIRCUIT 
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FIGURE 3 - 
POWER OUTPUT versus POWER INPUT 
1 
VCE'28 Vdc 
I- 1.0 GHi 


-" 


f 
0.9 
< 
£ 
0.8 


0.2 


Pin. POWERINPUT(WATTSI 


FIGURE 5 - 
POWER OUTPUT versus VOLTAGE 
1 


1 -1.0 GHi 
y 
y 


5.0 
10 
15 
20 
25 
Vce. COLLECTOR-EMITTER VOLTAGE (VOLTSI 


SMALL-SIGNAL DEVICES 


FIGURE 2 - 
1.68 GHz POWER OSCILLATOR TEST CIRCUIT 
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FIGURE 4 - 
POWER OUTPUT versus FREQUENCY 


VcE• 28 Vdc 
Pin-310 mW 


0.7 
0.8 


f. FREQUENCY (GHz) 


FIGURE 6 - 
OSCILLATOR POWER OUTPUT versus CURRENT 


b 
0.3 


vce- 24 V 
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MOTOROLA SEMICONDUCTORS 


7-131 


MM8009 


FIGURE 7 - CURRENT-GAIN-BANOWIDTH PRODUCT 
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MOTOROLA SEMICONDUCTORS 


7-132 


FIGURE 8 - 
OUTPUT CAPACITANCE versus VOLTAGE 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 


Collector-Base Voltage 
Vcbo 
36 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
0.4 
Adc 


Total Device Dissipation 
@TC = 25°C(1) 
Derate above 25°C 


pd 
3.5 
20 
Watts 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
°C 


MRF207 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


(1)Thisdeviceis designed for RF operation.Thetotaldevicedissipation rating 
appliesonlywhen the deviceis operated as an RF amplifier. 


ELECTRICAL CHARACTERISTICS (TA= 2SX unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC " 5.0mAdc, Ifl = 0) 


Collector-Base Breakdown Voltage 
dC = 2.0mAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
(IE ° 1.0 mAdc, lc " 0) 


Collector Cutoff Current 
(Vcb ° is vdc, Ie ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
(lc = 100 mAdc,Vce = 5.0 Vdc) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(VCc •= 12-5 Vdc, Pout = 1.0W,f = 220MHz) 


Input Impedance 
(Pout = LOW, f = 220 MHz) 


Output Impedance 
(Pout = 1.0 W,f o 220 MHz) 


SMALL-SIGNAL DEVICES 


7-133 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


ICBO 


hFE 


GPE 


Min 
Typ 
Max 
UnH 
| 


18 
Vdc 


36 
Vdc 


4.0 
Vdc 


mAdc 


5.0 


8.2 
12.5 
dB 


10-J11.5 
Ohms 


32-J41 
Ohms 


MOTOROLA SEMICONDUCTORS 


MRF207 


220 MHz TEST CIRCUIT 


FIGURE 1 -MRF207 


CI 
2.0 - 50 pF 
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L2 
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OUTPUT POWER versus INPUT POWER 
(Vcc * 123 Vdc. f =220 MHz) 


1.6 
FIGURE 2 — MRF207 
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MOTOROLA SEMICONDUCTORS 


7-134 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 


Collector-Base Voltage 
vcbo 
36 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
0.25 
Adc 


Total DeviceDissipation @ Tc = 25°C(1) 
Derate above 25°C 
PD 
3.5 
0.02 
Watts 
mW/°C 


Storage Temperature 
Tsta 
-65 to -1-200 
°C 


(1) Thesedevices are designedfor RF operation. Thetotaldevice dissipation rating 
applies onlywhenthe devicesare operatedas ClassCRF amplifiers. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC° 20mAdc, Ifl° 0) 


Collector-Emitter Breakdown Voltage 
dC° 20mAdc, Vbe •= n> 


Emitter-Base Breakdown Voltage 
(IE ° 1.0 mAdc, lp " 0) 


Collector Cutoff Current 
(VCB ° 15 Vdc. Ie ° 0) 


ON CHARACTERISTICS 


DC Current Gain 
(lC ° 100 mAdc, Vce 
5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 12vdc, ie ° o, f = lo mhz) 


FUNCTIONAL TEST 
(RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout " 1.6W.Vcc " 12-5 Vdc, f ° 225MHz) 


Collector Efficiency 
(Pout" 1-SW.Vcc 
12.5 Vdc, f = 225 MHz) 


SMALL-SIGNAL DEVICES 


7-135 


MRF225 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


V(BR)CEO 
18 
Vdc 


V(BR)CES 
36 
Vdc 


V(BR)EBO 
4.0 
Vdc 


>CBO 
100 
ftAdc 


"FE 
15 
150 


C0bo 
8.0 
U 


GpE 
9.0 
dB 


50 


MOTOROLA SEMICONDUCTORS 


MRF225 


FIGURE 1 - 225 MHz TEST CIRCUIT SCHEMATIC 
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4.0-40 pF ARCO 403 
100 pF Dipped Mica 
1000 pF UNELCO 
1.0 mF 
35 V 
Tantalum 
0.6 Inch #18 AWG 


2 Turns x 0.25 Inch ID #18 AWG 


Fsrroxcubo VK200 
2.2 (iH Molded Choka 


FIGURE 2 - OUTPUT POWER versus INPUT POWER 


2.0 


FIGURE 3 - SERIES EQUIVALENT IMPEOANCE 


13.6 Vy^y' 


12.5 V 


1-225 1Hz 


25 
SO 
75 
100 
125 
150 
175 
200 
225 
Pin. INPUTPOWER(mW) 


SMALL-SIGNAL DEVICES 


7-136 


MOTOROLA SEMICONDUCTORS 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
16 
Vdc 


Collector-Base Voltage 
Vcbo 
36 
Vdc 


Emitter-Base Voltage 
Vebo 
400 
mdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
5.0 
28.5 
Watts 
mW/"C 


Storage Temperature 
Tsta 
-65 to +200 
•c 


ELECTRICAL CHARACTERISTICS (TA = 2S°C unless otherwise noted.) 


MRF227 


CASE 79-03, STYLE 5 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
(»C = 50 mAdc, Is = 0) 
V(BR)CEO 
16 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 50 mAdc, Vbe = 0) 
V(BR)CES 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 1.0 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ie = 0) 


•CBO 
— 
— 
1.0 
mAdc 


Collector Cutoff Current 
(Vce = 15 Vdc,Vbe = 0, Tc = 55°C) 
<ces 
-- 
— 
10 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC =• 100 mAdc,Vce ° 5.0 Vdc) 
hFE 
20 
200 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 12.5Vdc,Ie = 0, f = 1.0 MHz) 
Cobo 
— 
— 
15 
PF 


FUNCTIONAL TEST (RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 30 W,Vcc = 12-5Vdc,f = 225 MHz) 
GPE 
13.5 
15 
— 
dB 


Collector Efficiency 
(Pout = 3.0W,Vcc = 12-5 Vdc, f = 225 MHz) 


V 
60 
— 
— 
% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-137 


MRF227 


FIGURE 1 - 
225 MHz TEST CIRCUIT 


C1.C2.C3.C4 ARCO 420 


C7 


Ll 


L2 


L3 


1000 pF, UNELCO 
0.047 pF.ERIE 
1.0 pF, TANTALUM 


#18 AWG. 1" Wire Length 


VK200-4 Ferroxcube 


1 Turn. #18 AWG. 1/4" ID x 
2" Wiro Length 
O.ISjiH DELEVAN Molded Choko 


Board - Glass Teflon, 6R = 2.56. t • 0.062 
Input/Output Connectors - 
Type N 


FIGURE 2 - 
INPUT POWER versus OUTPUT POWER - 
123 V 


vt 
4.0 


< 
S|,0 


o 
1'225 MHi 


3£ 
2.0 


3 
O 


«? 1.0 // 


0 


0.1 
0.2 


Pin. INPUTPOWER(WATTS) 


FIGURE 4 - 
INPUT POWER versus OUTPUT POWER - 
7.5 V 


5.0 


0 
0.02 


1 
1 


f-225 MHz 


0.1 
0.2 


Pin. INPUTPOWER (WATTS) 


MOTOROLA SEMICONDUCTORS 


FIGURE 3 - 
INPUT POWER versus OUTPUT POWER - 
13.6 V 


50 


.Vcc- 13.6Volts _ 
1-225 MHt 


0.1 
0.2 


P,„. INPUTPOWERWATTS) 


FIGURE 5 - 
OUTPUT POWER versus SUPPLY VOLTAGE 


5.0 
i 
i 


•225 MHi 
iiu 


SO 
8.0 
10 
12 


V«.SUPPLY VOLTAGE (VOLTS) 


SMALL-SIGNAL DEVICES 


7-138 


MRF227 


FIGURE 6 - 
SERIES EQUIVALENT IMPEDANCE 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-139 


MRF229 
MRF230 


MRF229 
CASE 79-03, STYLE 5 


MRF230 
CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 


Collector-Base Voltage 
vcbo 
36 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
<c 
0.5 
Adc 


Total Device Dissipation @ Tc = 25*C{1) 
Derate above 25°C 
PD 
5.0 
28.6 
Watts 
mVWC 


Storage Temperature 
Tsta 
-65 to +200 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unft 
| 


Thermal Resistance, Junction to Case 
RflJC 
35 
"CAV 


(1)These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF Amplifiers. 


ELECTRICAL CHARACTERiSTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 25 mAdc, Ib = 0) 
v(BR)CEO 
18 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 25 mAdc, Vbe = n> 
V(BR)CES 
36 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 0.25 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(vCB = 15 Vdc, ig = o) 
<CBO 
— 
0.5 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 250 mAdc, Vce = 5.0 Vdc) 
"FE 
5.0 
— 
" 
| 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB = 12.5 Vdc, Ig ° 0, f = 1.0 MHz) 
Cobo 
— 
25 
PF 


FUNCTIONAL TEST (RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz) 
GpE 
10 
— 
1 
dB 
1 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz) 


V 
55 
— 
% 
i 


Load Mismatch 
(Vcc = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz,Tc * 25"C) 
VSWR > 30:1 Through All Phase 
Angles in 3 Second Interval 
After Which Devices Will Meet 
Gpe Test Limits 


MOTOROLA SEMICONDUCTORS 
SMALL-SIGNAL DEVICES 


7-140 


MRF229 • 
MRF230 


FIGURE 1 - 
90 MHz TEST CIRCUIT SCHEMATIC 


CI 
L1 
•npu.> Q^T 


C1 
5.0-80 pF. ARCO 462 
C2.C6 25-280 pF. ARCO 464 
C3 
250 pF UNELCO 
10 pF UNELCO 
9.0-180 pF. ARCO 463 
1000pFUNELCO 
0.47 ftF ERIE Disc Ceramic 


C4 
CS 


C8 


C9 
20pF, IS Vdc TANTALUM 
.1 
2 Turns. #18 AWG. 3/8" I.D. 3/8" Long 
.2 
2.5 Turns. »20 AWG. on Ferrile Bead. 
FERROXCUBE 56 590 65-3B 
.3 
3 Turns, W18 AWG. 3/8" I.O., 1/2" Long 
.4 
0.68 (iH. 9230-16 MILLER Molded Choko 
.5 
Ferrite Bead. FERROXCUBE 56-590-65-3B 
*1 
4.7 OHM. 1/2 W. 10% Carbon 


nput/Outpul Connoctors — Type BNC 


FIGURE 2 - 
OUTPUT POWER versus INPUT POWER 
FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


FIGURE 4 - 
OUTPUT POWER versus SUPPLY VOLTAGE 
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a. 
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16 
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MOTOROLA SEMICONDUCTORS 


7-141 


MRF229 • 
MRF230 


SERIES EQUIVALENT INPUT IMPEDANCE 


FIGURE 6 - 
PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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FIGURE 8 - 
PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 
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MOTOROLA SEMICONDUCTORS 


SERIES EQUIVALENT OUTPUT IMPEOANCE 


FIGURE 7 - 
PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus F REQUENC Y 
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PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 
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SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 


Collector-Base Voltage 
vcbo 
36 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
640 
mAdc 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
pd 
8.0 
45.7 
Watts 
mW/°C 


Storage Temperature 
Tstq 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rftjc 
20 
'CAN 


ELECTRICALCHARACTERISTICS (TA ° 2SX unless otherwise noted.) 


MRF237 


CASE 79-03, STYLE 5 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
18 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, VBE = 0) 
V(BR)CES 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
«E = 1.0 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc, ie = o) 
'CBO 
— 
— 
0.25 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 250 mAdc, Vce = 5.0 Vdc) 
hFE 
5.0 
— 
— 
— 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = is vdc, ig = o, f = o.i mhz) 
Cobo 
— 
15 
20 
PF 


FUNCTIONAL TEST (RGURE 1) 
1Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Vcc = 12-5Vdc, 
1 
lc(max) «* 640 mAdc, f = 175 MHz) 


GPE 
12 
14 
— 
dB 


I Collector Efficiency 
(Pout = 4.0 W, VCC = 12-5Vdc, 
I 
lc(max) = 640 mAdc, f = 175 MHz) 


1 
50 
62 
% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-143 


MRF237 


FIGURE 1 - 
175 MHz TEST CIRCUIT SCHEMATIC 


•Q- 
RF?—!"! 
r-V>nr> , 
rYYYV 
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X 
^'ci 
5*C2 
7?C3 L6 


C1.C4.CS 
C2 
C3 
C6 
"C7 
C8 
C9 


3.0- 180 pF, ARCO 463 
1.7S- 30 pF. ARCO 461 
40 pF. UNELCO 
0.01 ftF, ERIE 
0.1 pF, ERIE REDCAP 
I.OjlF. TANTALUM 
1000 pF, UNELCO 
CIO 
100pF UNELCO 


FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - 
OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA SEMICONDUCTORS 


tt—r—rr; 
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C9 5f; 
12.5 Vdc 


<- 
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C6 


#' 
* 


L1 
1/2 Turn. #16 AWG, 0.5" I.O. 
L2 
1". #16 AWG 
L3 
0.75" #16 AWG 
L4.L5 
1 Turn. #16 AWG. 0.5" I.O. 
L6 
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L7 
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Beads 
FERRITE Beads. FERROXCUBE 
#56-570-6 5/3B 
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FIGURE 3 - 
OUTPUT POWER versus FREQUENCY 
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FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 


Total Device Dissipation @ Tc = 25"C 
Derate above 25 C 
pd 
2.5 
35 
Watts 


rnVvVC 


Storage Temperature 
Tsta 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&jc 
28.5 
"CAV 


MRF313 
MRF313A 


MRF313 
CASE 305A-01, STYLE 1 


MRF313A 
CASE 305-1, STYLE 1 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICALCHARACTERISTICS (Ta •= 25"Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
| 
Max 
| 
Unft 
| 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 
V(BR)CEO 
30 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, Vbe = 0) 
V(BR)CES 
35 
— 
— 
Vdc 


Collector-Base Breakdown Vottage 
dC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 1.0 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 20 vdc, Ib = o) 
ICEO 
— 
— 
1.0 
mAdc 


ON CHARACTERISTICS 


i DC Current Gain 
I 
dc = 100mAdc, Vce = 10Vdc) 
hFE 
20 
60 
150 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 100 mAdc, Vce = 20 Vdc, f = 200 MHz) 
fT 
— 
2.5 
— 
GHz 


Output Capacitance 
(Vcb = 28 Vdc. l£ = 0, f = 1.0 MHz) 
C0bo 
— 
3.5 
5.0 
PF 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gaind) 
(Vcc = 28 Vdc, P0ut = 1.0 W, f = 400 MHz) 
Gpe 
15 
16 
— 
dB 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 1-0 W, f = 400 MHz) 


1 
— 
45 
— 
% 


Series Equivalent Input Impedance 
(VCc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 
Zin 
— 
6.4-J4.8 
— 
Ohms 


' Series Equivalent Output Impedance 
(VCc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 
Z0ut 
— 
75-J45 
— 
Ohms 


(1) Class C 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-145 


MRF313 • 
MRF313A 


FIGURE 1 - 400 MHz POWER GAIN TEST CIRCUIT 


C1.C2.C4 
C3 
C5 
C6 


1.0-20 pF JOHANSON 9063 
1.0-10 pF JOHANSON 
150pF Chip 
0.1 UF 
C7.C8 
680 pF Foodthru 
C9 
1.0 uF TANTALUM 


MOTOROLA SEMICONDUCTORS 


L1.L3 
5 Turns, AWG #20. V." I.D. 
L2 
Ferrite Bood. FERROXCUBE 
No. 56-590 65/4B 
L4 
FERROXCUBE VK200 20/4B 
Input/Output Connectors — Typo N 
Board - 
Glass Toflon. e - 2.56. t • 0.062" 


7-146 


Jj( 
Q 
<RF Output 


4.7 Ohms. 'A W 
2.0" x 0.1" MICROSTRIP LINE 
2.6" x 0.1" MICROSTRIP LINE 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
Vceo 
18 
Vdc 


Collector-Base Voltage 
Vcbo 
36 
Vdc 


Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
0.5 
Adc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
pd 
1.0 
5.62 
Watts 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta ° 25"C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


MRF402 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Symbol 
Min 
Max 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 100 mAdc, Ib = 0) 
V(BR)CEO 
18 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
flC = 100 mAdc, Vbe = 0) 
V(BR)CES 
36 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.25 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15Vdc,l£ = 0) 
'CBO 
— 
0.5 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 250 mAdc, Vce = 5.0 Vdc) 
hFE 
5.0 
- 
- 


SMALL-SIGNAL CHARACTERiSTICS 


Output Capacitance 
(Vcb = 15 Vdc, Ie = o, f = i.o mhz) 
C0bo 
— 
25 
PF 


FUNCTIONAL TEST (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 125 Vdc, Pout = 10 W, lc(max) = 160 mAdc, f = 50 MHz) 
GPE 
10 
— 
dB 


Collector Efficiency 
(VCC = 125 Vdc, Pout = 10 W, lC(max) = 160 mAdc, f = 50 MHz) 
»? 
50 
— 
% 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MRF402 


FIGURE 1 - 50 MHz TEST CIRCUIT SCHEMATIC 


C1.C2.C5 - 
25-280 pF, ARCO 464 or oqui' 
C3 - 
40 pF. 500 Vdc UNELCO 
C4 - 
9.0-180 pF ARCO 463 or equi< 
C6 - 
1000 pF foodthru 
C7 - 
0.1 flF, 75 Vdc 


MOTOROLA SEMICONDUCTORS 


7-148 


C7 
12.5 Vdc 


Ll - 
2 Turns No. 18 AWG, 3/8" I.D. 
L2 - 
2 1/2 Turns. Small Ferrito Bead 
L3 - 
5 Turns No. 18 AWG. 3/8" I.D. 
L4 - 
1.0 »H RF Choke 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
MRFS011 MRF502 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
Vcbo 
25 
| 
35 
Vdc 


Emitter-Base Voltage 
vebo 
3.5 
Vdc 


Collector Current 
ic 
50 
mAdc 


Total Device Dissipation @ Ta - 25°C 
Derate above 25°C 
pd 
200 
1.14 
mW 
mW/X 


Storage Temperature 
TStQ 
-65 to +200 
°C 


ELECTRICALCHARACTERISTICS (TA = 25<IC unless otherwise noted.) 


MRF501 
MRF502 


CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Refer to 2N5179 for curves 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 3.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C = 1.0ftAdc. l£ = 0) 
MRF501 
MRF502 


V(BR)CBO 
25 
35 


- 
- 


Vdc 


Emitter-Base Breakdown Voltage 
(lE = 1.0 ftAdc.lc = 0) 
V(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 1-0Vdc, Ie = 0) 
MRF501 
MRF502 


ICBO 


- 
50 
20 


nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 1.0 mAdc, Vce 
6.0 Vdc) 
MRF501 
MRF502 


"FE 
30 
40 
250 
170 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 5.0 mAdc, Vce = 6.0Vdc,f = 100MHz) 
MRF501 
MRF502 


fT 
600 
800 
1000 
2000 


- 


MHz 


Collector-Base Capacitance 
(Vcb = 10 vdc, iE = o, f = o.i to i.o mhz) 
Ccb 
— 
0.6 
— 
PF 


Collector Base Time Constant 
(lE= 2.0 mAdc,Vcb = 6.0 Vdc,f = 31.8MHz) 
rb'Cc 
— 
8.0 
— 
ps 


Noise Figure 
(Figure 1) 
dC = 1.5mAdc, Vce = 6.0Vdc, 
MRF501 
RS = 50ohms, f = 200 MHz) 
MRF502 


NF 


- 
4.5 
4.0 


- 


dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Vcc = 6.0Vdc, lc = 5.0 mAdc, f = 200 MHz) 
MRF501 
MRF502 


Gpe 


- 
15 
17 


- 


dB 
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MRF501 
• 
MRF502 


OC 
COMMON 


FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 
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W 
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"XrLSHIElO 
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1.0- 


I 0.001 uF 


♦Vcc 
o.i «f: 


Ll 13/4Turn. #18AWG. OS"Long. OS"Oamttcr 
L2 2Turm,#16AWG.0.5"Unj.0.5-Diimtt«f 
L3 2Turm,#18AWG. 02S" Long, 0S~ Damittf.PortionAppcoximtuly 0.25"fromL2 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
vcbo 
35 
Vdc 


Emitter-Base Voltage 
vebo 
3.5 
Vdc 


Collector Current — Continuous 
ic 
250 
mAdc 


Total Device Dissipation @ Tc = 25CC 
Derate above 25°C 
pd 
5.0 
28.6 
Watts 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
°C 


StudTorqued) 
6.5 
In. Lb. 


(1) For Repeated Assembly use 5 In. Lb. 


ELECTRICAL CHARACTERiSTICS (TA ° 25°Cunless otherwise noted.) 


MRF511 


CASE 244A-01, STYLE 1 
TO-117 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
«C = 100 ftAdc.Ie = 0) 
V(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 fiAdc, lc = 0) 
V(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 16 Vdc, Ib = 0) 
"CEO 
— 
*— 
100 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 80 mAdc, Vce = 10 Vdc) 
hFE 
26 
50 
200 
— 


Collector-Emitter Saturation Voltage 
(lC = 100 mAdc, Ib = 10 mAdc) 
VCE(sat) 
— 
0.2 
0.5 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 80 mAdc,Vce = 20 Vdc,f = 200 MHz) 
fT 
1.5 
2.1 
— 
GHz 


Output Capacitance 
(Vcb = 20 Vdc, Ie = 0, f = 1.0 MHz) 
Cobo 
— 
3.2 
4.5 
PF 


Noise Figure 
dC = 50 mAdc, Vce = 20 Vdc, f = 200 MHz) 


NF 
—. 
7.3 
10 
dB 


FUNCTIONAL TEST 
(FIGURED 


Common-Emitter Amplifier Power Gain 
(Vce = 20 Vdc, lc ° 80 mAdc, f = 250 MHz) 
Gpe 
10 
11 
— 
dB 


2nd Order Intermodulation Distortion 
(Vce = 20 Vdc, lc = 80 mAdc, Vout = +50 dBmV, 
Chn 2 + Chn 13 = 266.5 MHz) 


IMD 
-55 
-50 
dB 


Cross-Modulation Distortion 
(Vce = 20 Vdc,Vout = +50 dBmV,lc = 80 mAdc) 
Chn 13 
Chn R 
12 Chn XMD 
30 Chn XMD 


- 
-59 
-46 
-57 
dB 


Triple Beat 
(Vce = 20 Vdc, lc = 80 mAdc, Vout = +50 dBmV, 
Chn 2 + Chn 3 + Chn E = 261.75 MHz) 


TB 
-68 
-65 
dB 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 
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MRF511 


FIGURE 1 - 
40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


< 
RF Output 


CI ,C3,C4,CB,C6 
0.002 ft F Caramlc Disc 
C2 
0.36-3.6 pF JOHANSON 4702 


Ll 
2 Turns, #20 AWG. 1/8" I.O., 0.2 " Long 
L2 
BjiH, Farrit* Choke, MILLER 
L3 
18 Turns, #24 AWG Enamallad, on Farrit* Torrid Cora 
FERROXCUBE 1041TO60-4C7 
L4 
B Turns, #20 AWG. 3/16" I.D., 0.35" Long 


FIGURE 2 - 
CURRENT-GAIN--BANDWIDTH PRODUCT 
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CIRCUIT PERFORMANCE 


Input/Output Raturn Lot* 


Min 
Typ 


- 
18 dB 


F latitats 
- 
+0.3 dB 


Gain 
10dB 


Bandwidth 
- 
40-300 MHz 


Rl 


R2 
R3 
R4 


4.7 kn, 1/4W, 10% 
27 ft. 1W. 10% 
27 ft. 1W.10S 
300 ft. 1/4W. 10V 


Input/Output Connactori • 
Za — 75 Ohms 
Tvp*F 


FIGURE 3 - OUTPUT CAPACITANCE 
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FIGURE 4 - 
INPUT CAPACITANCE 
FIGURE 5 - 
BROADBAND NOISE FIGURE 
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FIGURE 6-12 CHANNEL CROSS-MODULATION 
versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 8-30 CHANNEL CROSS-MODULATION 
ON CHANNEL R 
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FIGURE 7-12 CHANNEL CROSS-MODULATION 
versus COLLECTOR CURRENT 


as 
2U 


m 
30 
z 
z 
" vce*20vdc 
_ 
En<+50dBntV 


X 
u 


S 
5 
GO V 


a 
| 60 


a 
S 
70 
70 
80 
90 
100 
lC.COLLECTOR CURRENT (mA) 


FIGURE 9-30 CHANNEL CROSS-MODULATION 
ON CHANNEL 2,13.R 
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FIGURE 10 - 30-CHANNEL CROSS-MODULATION varsut 
COLLECTOR-EMITTER VOLTAGE 
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FIGURE 11 - 
TRIPLE BEAT versus COLLECTOR CURRENT 
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FIGURE 13- SECOND ORDER IMD versus COLLECTOR 
CURRENT 
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FIGURE 12 - 
TRIPLE BEAT versus 
COLLECTOR-EMITTER VOLTAGE 
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FIGURE 14 - SECOND ORDER IMD versus COLLECTOR 
EMITTER VOLTAGE 
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FIGURE 15 - 
INPUT REFLECTION COEFFICIENT (Sill AND OUTPUT 
REFLECTION COEFFICIENT (S22I versus FREQUENCY 
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MRF511 


FIGURE 16 - 
FORWARD TRANSMISSION 
COEFFICIENT (S21) versus FREQUENCY 


SMALL-SIGNAL DEVICES 


FIGURE 17 - 
REVERSE TRANSMISSION 
COEFFICIENT (S12) versus FREQUENCY 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 
Colector-Base Voltage 
Vcbo 
35 
Vdc 
Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
PD 
2.5 
14.3 
Watts 
mwrc 


Storage Temperature 
Tsto 
-65 to +200 
'C 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unft 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ig = 0) 
V(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc. lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = is vdc, is = o) 
'CEO 
— 
— 
10 
IiAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 50 mAdc, Vce = 10 Vdc) 
hFE 
20 
60 
150 
- 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 5.0 mAdc) 
VCE(sat) 
— 
— 
0.5 
Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 100 mAdc, Vce = 10 Vdc, f = 200 MHz) 
rT 
1800 
2000 
- 
MHz 


Output Capacitance 
(Vcb = 12.5 Vdc, lE = 0, f = 1.0 MHz) 
C0D0 
— 
3.5 
4.0 
PF 


FUNCTIONAL TEST (RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12-5 Vdc, Pout = 0.75 W, f = 470 MHz) 
GpE 
8.0 
8.5 
- 
dB 


Collector Efficiency 
(VCc = 125 Vdc, Pout = 0.75 W, f = 470 MHz) 


V 
50 
70 
— 
% 


Series Equivalent Input Impedance 
(Vcc " 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 
Zin 
— 
14+J4.0 
— 
Ohms 


Series Equivalent Output Impedance 
(Vcc = 12-5 Vdc, Pout = 0.75 W, f = 470 MHz) 
zout 
— 
28-J38 
— 
Ohms 


MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - 470 MHz TEST CIRCUIT 
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C1.C2.C3 • 1.0-10 pF JOHANSON 
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C5 - 1.0 *iF TANTULAM 
C6 - 0.018 flF chip 
C7 - 1000 pF Foodthru 
L1.L2 -O.ISuF Choko 
L3 - Bead Forrilo 
Z1.Z2 • 0.09" x 0.5" LINE, Z0 - 100 ft 
Z3 • 0.18" x 1.0" LINE, Z0 - SO ft 


BOARD - 0.032" TEFLON GLASS, 
eR-2.5 


FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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FIGURE 3 - CURRENT-GAIN - BANDWIDTH PRODUCT 


versus COLLECTOR CURRENT 
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FIGURE 4 - OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 
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FIGURE 5 - 
S<n and S22 versusFREQUENCY 


FIGURE 6 - S12 versus FREQUENCY 
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FIGURE 7 - S21 versus FREQUENCY 


30° 
20° 
10° 
0" 
350° 
340° 
330° 


mmm 
150° 
160° 
170° 
180° 
190° 
200° 
210° 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage (Rbe = 330n> 
VCER 
25 
Vdc 


Collector-Base Voltage 
Vcbo 
35 
Vdc 


Emitter-Base Voltage 
vebo 
3.5 
Vdc 


Collector Current — Continuous 
•c 
150 
mAdc 


Total Device Dissipation @ Tc = 50°C 
Derate above 50°C 
pd 
2.5 
20.0 
Watts 
rnVWC 


Junction Temperature 
Tj 
+ 175 
•c 


Storage Temperature 
Tsta 
-65 to +200 
•c 


MRF517 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


THERMAL CHARACTERiSTICS 


Characteristic 
Symbol 


Thermal Resistance, Junction to Case 
RflJC 


Max 


50 
Unit 
I 
'CAN 
I 


ELECTRICAL CHARACTERISTICS (TA = 25X unless otherwisenoted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC ° 5.0mAdc, Ifl° 0) 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc,Rbe •= 330 Ohms) 


Collector-Base Breakdown Voltage 
dC = 100ftAdc, Ie ° 0) 


Emitter-Base Breakdown Voltage 
dE ° 100 <iAdc, lc ° 0) 


Collector Cutoff Current 
(VCE = 15 Vdc, Ib = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(lC ° 60 mAdc,Vce = 1<> Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC° 60 mAdc,Vce = IS Vdc,f • 
200 MHz) 


Output Capacitance 
,VCB = 15 Vdc,lE = 0. f = 1.0 MHz) 


FUNCTIONAL TEST (RGURE 1) 


Common-Emitter Amplifier Power Gain 
(VCE = 15Vdc,lc = 60 mAdc,f ° 300 MHz) 


Broadband Noise Figure 
(VCE " 15 Vdc, lc ° SO mAdc, f 
300 MHz) 


2nd Order Distortion 
(Vce = 15 Vdc,lc = 60 mAdc, Eout = +45 dBmV, 
Ch 2 + Ch G = 212.5 MHz) 


NCTA Cross Modulation Distortion, 12 Ch's (2-13) 
(Vce = 15Vdc,lc = 60 mAdc, Eout = +45 dBmV, 
Measured at Ch's 2 and 13) 


Triple Beat Distortion, 3 Ch's 
(Vce = 15 Vdc, lc = 60 mAdc, Eout 
Ch's (4 + 5 + A) = 265 MHz) 


SMALL-SIGNAL DEVICES 


+ 45dBmV, 


V(BR)CEO 


V(BR)CER 


V(BR)CBO 


V(BR)EBO 


'CEO 


hFE 


C0bo 


»pe 


NF 


IMD2 


XMD12 


TB3 


7-159 


Min 
Typ 
Max 
Unit 


20 
Vdc 


25 
Vdc 


35 
Vdc 


3.5 
Vdc 


100 
ftAdc 


40 
200 


2200 
2700 
MHz 


3.0 
4.5 
PF 


10 
dB 


7.5 
dB 


-57 
dB 


-57 
dB 


dB 
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FIGURE 1 - POWER DISSIPATION 
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FIGURE 2 - 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 


<RF Output 


CI 
1.0 - 
10 pF JOHANSON 
C2.C6.C7 
0.002 ttF Coram ic Disk 
C3.CS 
0.1 uF. SO Vdc Tantalum 
C4 
1000 pF Button 


L1 
1 Turn, "20 AWG 
L2 
S.6 |iH Molded Choke 
L3 
4 Turns, «>20 AWG. 1/4" I.D. 


Rl 
R2.R3 


VK200 
161 Bifilar Wound, ">20 AWG Enameled Wire. 
Wound on a FERROXCUBE 1041T060 4C4 Core 
4 7 kll. 1/4 Watt. 10% 
27 SI . 1/4 Watt. 5% 
270 Jl. 1/4 Watt. 5% 


Input/Output Connectors - 
Z0 * 7S Ohms 
Typo F 
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MRF517 


FIGURE 3 - 
TYPICAL RESPONSE CURVE 
(See Figure 2) 
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FIGURE 5 - CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 7 - 
OUTPUT CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 
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FIGURE 4 - COMMON-EMITTER POWER GAIN 
versus FREQUENCY 
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FIGURE 6 - 
INPUT CAPACITANCE versus 
EMITTER-BASE VOLTAGE 
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FIGURE 8 - 
BROADBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE9 - 2nd OROER DISTORTION Ifi ±f2l versus 
COLLECTOR CURRENT 


2 
50 


VCE 
1 
1 
* 15 Vdc 
1 
1 


Eou •♦45dBmV(l;8mV/Cri) 


• 
♦ fj- 
3 
--1 


*"13-11'12- 


1) Ch2(5.r,UU,l 
«2 Ch 13(211 MH1) 


40 
50 
60 
70 


lC.COLLECTOR CURRENT (mA) 


FIGURE 11 - 
DIN 45004 CROSS-MODULATION DISTORTION 
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FIGURE 10 - 
12-CHANNEL CROSS MODULATION 
DISTORTION versus COLLECTOR CURRENT 
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FIGURE 12 - TRIPLE BEAT DISTORTION (fs, ♦ f2 +13) versus 
COLLECTOR CURRENT 
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FIGURE 13 - HARMONIC DISTORTION (2f. 3f) versus 
COLLECTOR CURRENT 
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VCE 
(Volts) 
•c 
(mAI 


Frequency 


(MHt) 


S11 
S21 
S12 
S22 


IS11I 
LO 
(S21I 
LO 
IS12I 
LO 
IS22I | 
LO 


100 
0.538 
-152 
12.821 
100 
0.043 
49 
0.381 
-102 


200 
0.546 
-173 
6.612 
86 
0.064 
55 
0.314 
-121 


400 
0.557 
163 
3.440 
71 
0.105 
60 
0.315 
-132 
S 
30 
600 
0.602 
147 
2.357 
59 
0.144 
61 
0.360 
-140 


800 
0.625 
136 
1.872 
46 
0.181 
59 
0.437 
-143 


1000 
0.626 
120 
1.614 
34 
0.211 
57 
0.482 
-144 


100 
0.532 
-160 
13.475 
98 
0.040 
54 
0.362 
-111 


200 
0.542 
-178 
6.850 
86 
0.063 
60 
0.314 
-130 


400 
0.558 
160 
3.586 
72 
0.109- 
63 
0.313 
-140 
60 
600 
0.602 
145 
2.475 
60 
0.151 
62 
0.353 
-146 


800 
0.619 
134 
1.962 
48 
0.190 
59 
0.423 
-147 


1000 
0.616 
118 
1.706 
35 
0.221 
57 
0.464 
-147 


100 
0.532 
-163 
13.530 
98 
0.038 
67 
0.354 
-115 


200 
0.545 
179 
6.908 
85 
0.063 
62 
0.313 
-133 


400 
0.558 
159 
3.607 
72 
0.111 
64 
0.312 
-143 
90 
600 
0.604 
145 
2.489 
61 
0.153 
63 
0.352 
-148 


800 
0.620 
133 
1.982 
48 
0.193 
59 
0.419 
-149 


1000 
0.614 
117 
1.721 
35 
0.224 
57 
0.455 
-148 


100 
0.500 
-145 
14.176 
102 
0.040 
SO 
0.386 
-87 


200 
0.502 
-170 
7.358 
87 
0.059 
55 
0.304 
-105 


400 
0.512 
164 
3319 
71 
0.097 
61 
0.304 
-118 
10 
30 
600 
0.559 
149 
2.593 
59 
0.133 
62 
0.356 
-128 


800 
0.583 
137 
2.033 
46 
0.166 
60 
0.442 
-134 


1000 
0.584 
122 
1.724 
34 
0.194 
59 
0.497 
-137 


100 
0.487 
-154 
14.977 
100 
0.037 
55 
0.353 
-96 


200 
0.498 
-174 
7.715 
86 
0.059 
60 
0.287 
-114 


400 
0.506 
161 
4.009 
72 
0.101 
63 
0.294 
-125 
60 
600 
0.553 
146 
2.731 
60 
0.139 
63 
0.341 
-133 


800 
0.572 
135 
2.158 
47 
0.174 
60 
0.422 
-137 


1000 
0.569 
119 
1.835 
35 
0.202 
58 
0.475 
-139 


100 
0.486 
-157 
15.192 
99 
. 0.036 
57 
0.337 
-98 


200 
0.493 
-176 
7.764 
86 
0.058 
61 
0.280 
-116 


90 
400 
0.508 
160 
4.043 
72 
0.101 
64 
0.287 
-126 


600 
0.555 
145 
2.761 
60 
0.141 
63 
0.336 
-134 


800 
0.574 
134 
2.184 
47 
0.176 
60 
0.417 
-138 


1000 
0.568 
118 
1.861 
35 
0.204 
58 
0.469 
-139 


100 
0.465 
-153 
15.774 
100 
0.035 
56 
0.337 
-88 


200 
0.475 
-174 
8.091 
86 
0.056 
61 
0.274 
-105 


30 
400 
0.487 
161 
4.209 
71 
0097 
64 
0.284 
-116 
15 
600 
0.532 
146 
2.863 
59 
0.133 
63 
0.337 
-126 


800 
0.551 
135 
2.249 
47 
0.167 
60 
0.425 
-132 


1000 
0.547 
119 
1.909' 
34 
0.193 
58 
0.482 
-135 


100 
0.468 
-150 
15.650 
101 
0.036 
54 
0.354 
-87 


200 
0.475 
-172 
8.088 
87 
0.057 
60 
0.282 
-104 


60 
400 
0.486 
163 
4.178 
72 
0.096 
63 
0.290 
-116 
600 
0.530 
147 
2.846 
60 
0.133 
63 
0.341 
-126 
800 
0.549 
136 
2.228 
47 
0.166 
60 
0.429 
-132 


1000 
0.547 
120 
1.887 
34 
0.192 
59 
0.487 
-135 


100 
0.487 
-141 
14.773 
103 
0.039 
50 
0.391 
-80 
200 
0.486 
-167 
7.724 
87 
0.057 
55 
0.303 
-97 


90 
400 
0.491 
166 
3.986 
71 
0.093 
61 
0.306 
-110 


600 
0.537 
150 
2.694 
59 
0.127 
62 
0.359 
-122 
800 
0.565 
138 
2.108 
45 
0.159 
60 
0.448 
-129 


1000 
0.566 
123 
1.779 
33 
0.185 
60 
0.507 
-134 
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CASE 79-03, STYLE 5 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 
Collector-EmitterVoltage Rbe = 330 ft 
VCER 
25 
Vdc 
Collector-Base Voltage 
VCBO 
35 
Vdc 
Emitter-Base Voltage 
Vebo 
3.5 
Vdc 


Collector Current — Continuous 
'C 
150 
mAdc 
Total Device Dissipation @ Ta - 50°C 
Derate above 50°C 
PD 
2.5 
0.017 
Watts 
WVC 
Junction Temperature 
Tj 
+ 175 
X 
Storage Temperature 
Tstg 
-65 to +200 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
R&JC 
60 
'CAN 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisenoted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Iq = 5.0 mAdc, Ib = 0) 
v(BR|CEO 
20 
- 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
(lC = 5.0 mAdc, Rbe = 330 Ohms) 
V(BR)CER 
25 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mA, Ig = 0) 
v(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 mA lc = 0) 
V(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = is vdc, ib = o) 
'CEO 
— 
— 
100 
ftA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 80 mAdc, Vce = 10 Vdc) 
hFE 
60 
— 
175 
I 
— 
I 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc. Vce = 20 Vdc, f = 200 MHz) 
*r 
2.2 
2.5 
- 
GHz 


Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
C0bo 
— 
3.0 
4.0 
PF 


FUNCTIONAL TEST 
(FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 26 Vdc, Pjn = 0 dBm, f =• 400 MHz) 
Gpe 
13 
14 
- 
dB 


Broadband Noise Rgure 
(Vce = 26 Vdc, f = 400 MHz) 
NF 
— 
— 
4.0 
dB 


MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - 225 to 400 MHzBROADBAND TEST CIRCUITSCHEMATIC 


Q1 
"T.U.T. 
C7 


R4 
R5 


CI. C2 - 2.5-11 pF Erie Ceramic Voriablo 
C3 — 47 uF 6.0 Volt Electrolytic 
C4, CS - 1000 pF Foodthru 
C6 - 470 pF Coram ic Chip 
C7 - 5.5-18 pF Erie Coramic Varioblo 


Rl - 
160 fl 1/8 Watt Carbon 
R2 - 
100 (1 1/8 Watt Carbon 
R3. R4 - 
10 k« 1/8 Watt Carbon 
R5 - 
3.3 kn 1/8 Watt Carbon 


FIGURE 2 - COMMON-EMITTER POWER GAIN (Gmax) 
venus FREQUENCY 
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FIGURE 4- BROADBAND AMPLIFIER RESPONSE 
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SMALL-SIGNAL DEVICES 


R6 - 
120 n 
1/2 Watt Carbon 


Ll - 
1 Turn #24. 0.125 mil ID 
L2, L4 - 0.47 uH Molded Choke 
L3 - 
2 Turns #24. 0.125 mil ID 
L5 - 4 Turns #24, 0.125 mil ID 


Q2 - 
2N2907A 


'Transistor Under Test 
lc - 47 mAdc (Nominal) 


FIGURE3- CURRENT GAIN BANDWIDTHPRODUCT 
venus COLLECTOR CURRENT 
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FIGURE 5 - 
1.0 dB GAIN COMPRESSION OUTPUT 
venus FREQUENCY 
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FIGURE 6- THIRD ORDER INTERCEPT 
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S-PARAMETERS 


VCE 
(Volts) 
'C 
(mAI 
Frequency 
(MHz) 


S11 
S21 
S12 
S22 


IS11I 
LO 
IS21I 
LO 
IS12I 
LO 
IS22I 
LO 
100 
0.388 
-111 
12.318 
107 
0.032 
61 
0.597 
-24 
200 
0.331 
-151 
6.768 
88 
0.049 
68 
0.480 
-25 
13.6 
10 
300 
0.337 
-171 
4.650 
77 
0.072 
73 
0.443 
-31 
400 
0.344 
176 
3.580 
68 
0.096 
78 
0.442 
-40 
SOO 
0.349 
166 
2.889 
59 
0.125 
80 
0.459 
-47 
100 
0.287 
-125 
14.160 
103 
0.030 
67 
0.516 
-24 
200 
0.263 
-160 
7.585 
86 
0.053 
73 
0.414 
-23 
20 
300 
0.275 
-177 
5.167 
76 
0.078 
76 
0.378 
-30 
400 
0.288 
172 
3.968 
68 
0.104 
77 
0.378 
-38 
SOO 
0.293 
164 
3.214 
60 
0.135 
78 
0.396 
-45 
100 
0.206 
-140 
15.745 
99 
0.029 
74 
0.446 
-24 
200 
0.208 
-171 
8.299 
84 
0.056 
76 
0.358 
-21 
SO 
300 
0.226 
176 
5.612 
75 
0.084 
76 
0.324 
-27 
400 
0.235 
169 
4.307 
68 
0.113 
77 
0.326 
-36 
SOO 
0.243 
161 
3.488 
60 
0.114 
76 
0.345 
-42 
100 
0.179 
-151 
15531 
98 
0.029 
77 
0.430 
-22 
200 
0.187 
-177 
8.293 
85 
0.058 
80 
0.358 
-19 
100 
300 
0.203 
171 
5.626 
77 
0.087 
80 
0.330 
-25 
400 
0.212 
164 
4.276 
70 
0.115 
80 
0.338 
-33 
500 
0.213 
157 
3.456 
63 
0.147 
79 
0.364 
-39 
100 
0.454 
-100 
13.580 
105 
0.027 
58 
0.625 
-15 
200 
0.313 
-138 
7.339 
88 
0.040 
67 
0.552 
-17 
26 
10 
300 
0.291 
-161 
4589 
78 
0.060 
76 
0.532 
-23 
400 
0.287 
-175 
3.826 
70 
0.080 
84 
0.544 
-30 
500 
0.287 
173 
3.096 
63 
0.106 
89 
0.570 
-36 


-14 
100 
0.313 
-105 
15.191 
102 
0.025 
62 
0.566 
200 
0.220 
-144 
8.086 
87 
0.044 
73 
0.509 
-IS 
20 
300 
0.213 
-166 
5.487 
77 
0.067 
78 
0.489 
-20 
400 
0.215 
-178 
4204 
71 
0.092 
83 
0.498 
-28 
500 
0.214 
170 
3.404 
64 
0.116 
86 
0.523 
-34 
100 
0.165 
-117 
16.375 
102 
0.026 
71 
0.529 
-14 
200 
0.139 
-157 
8.695 
87 
0.048 
78 
0.471 
-14 
50 
300 
0.151 
-176 
5.882 
78 
0.073 
80 
0.449 
-20 
400 
0.167 
173 
4.494 
71 
0.098 
82 
0.458 
-27 
500 
0.158 
164 
3.659 
65 
0.124 
84 
0.485 
-32 


-14 
100 
0.215 
-147 
13.156 
103 
0.023 
72 
0.602 
200 
0.212 
-176 
7.220 
88 
0.044 
82 
0.536 
-17 
100 
300 
0.222 
171 
4351 
79 
0.069 
84 
0.507 
-24 
400 
0.230 
164 
3.851 
72 
0.093 
87 
0.513 
-31 
500 
0.233 
156 
3.123 
64 
0.123 
89 
0.534 
-36 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
100 
Vdc 


Collector-Base Voltage 
vcbo 
100 
Vdc 


Emitter-Base Voltage 
Vebo 
3.5 
Vdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25"C 
pd 
2.5 
14.3 
Watts 
mVvVC 


Storage Temperature 
Tsta 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
UnH 


Thermal Resistance, Junction to Case 
R&JC 
70 
x/w 


MRF531 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


ELECTRICAL CHARACTERISTICS(Ta = 25'Cunlessotherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10mAdc, Ib ° 0) 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc. lc = 0) 


Collector Cutoff Current 
(Vce ° ts vdc, vbe ° o> 


ON CHARACTERISTICS 


DC Current Gain 
MC = S.0 mAdc,Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc. Ib = 1.0 mAdc) 


Symbol 


V(BR)CEO 


V(BR)CBO 


V(BR)EBO 


Ices 


"FE 


VCE(sat) 


Min 
Typ 
Max 
Unft 


100 
Vdc 


100 
Vdc 


3.5 
Vdc 


10 
ftAdc 


25 


1.0 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC= 50 mAdc,Vce = 25 Vdc, f = 100MHz) 
tT 
500 
800 
— 
MHz 


Output Capacitance 
(Vcb = 10vdc, iE = o. f =• 1.o mhz) 
CODo 
— 
— 
4.0 
PF 


Input Capacitance 
(VBe = 3-0Vdc,lc = 0, f = 1.0 MHz) 
Cjbo 
— 
9.0 
— 
PF 
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FIGURE 1 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 3 - 
OUTPUT CAPACITANCE 
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VCB. COLLECTOR BASEVOLTAGE (VOLTS) 


MOTOROLA SEMICONDUCTORS 


FIGURE 2 - 
INPUT CAPACITANCE 
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V£B, EMITTER-BASE VOLTAGE(VOLTS) 


FIGURE 4 - 
DC SAFE OPERATING AREA 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
80 
Volts 


Collector-Base Voltage 
Vcbo 
80 
Volts 


Emitter-Base Voltage 
Vebo 
3.5 
Volts 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
2.5 
14.3 
Watts 
mWVC 


Storage Temperature 
Tstg 
-60 to +200 
•C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
RflJC 
70 
'CAN 


MRF532 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


PNP SIUCON 


ELECTRICAL CHARACTERiSTICS (Ta ° 2S°C unless otherwise noted.) 
[ 
Characteristic 
Symbol 
Min 
Max 
Unit 
| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 10 mA) 
V(BR)CEO 
80 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mA) 
V(BR)CBO 
80 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 0.1 mA) 
V(BR)EBO 
3.5 
— 
Vdc 


Collector Cutoff Current 
(VCE = 75 V) 
Ices 
— 
10 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 5.0 mA, Vce = 10 V) 
"FE 
25 
— 
— 


1Collector-Emitter Saturation Voltage 
| 
dc= 10 mA, Ib = 1.0 mA) 
VcE(sat) 
— 
1.0 
Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mA, Vce = 25 V, f = 100 MHz) 
tT 
500 
— 
MHz 


Output Capacitance 
(Vcb = 10 V. f = 1.0 MHz) 
cobo 
— 
4.0 
PF 


MRF534, MRF536 
For Specifications, See MM4049 Data. 
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CASE 317-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
Vdc 
Collector-Base Voltage 
Vcbo 
36 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 
Total Device Dissipation @ Tc = 50°C 
Derate above 50°C 
pd 
2.0 
20 
Watts 
mW/X 


Storage Temperature 
T8tq 
-65 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| 
Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 
I 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, Ifl = 0) 
V(BR)CEO 
18 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 pAdc, Ie = 0) 
V(BR)CBO 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 100 ftAdc. lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(vCE = 15 vdc, vBE = o) 
Ices 
— 
— 
1.0 
mAdc 


ON CHARACTERISTICS 
I DC Current Gain 
| 
dc=50 mAdc, Vce = 10 Vdc) 
"FE 
30 
30 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 100 mAdc, Vce = 10 Vdc, f = 200 MHz) 
fT 
— 
3000 
— 
MHz 


Output Capacitance 
(Vcb = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
C0bo 
— 
2.0 
2.5 
PF 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(VCC = 12.5 Vdc, Pout = 0.5 W) 
f = 870 MHz 


f = 512 MHz 


Gp£ 
8.0 
9.5 
13 


- 


dB 


Collector Efficiency (Figure 1) 
(VCC= 12.5 Vdc, Pout = 0.5 W) 
f = 870 MHz 


f = 
512 MHz 


V 
50 
65 
60 


- 


% 


TYPICAL PERFORMANCE @ Vcc = 7.5 V 


Common-Emitter Amplifier Power Gain 
(Vcc = 7.5 Vdc, Pout = 0.5 W) 
f = 870 MHz 


f = 512 MHz 


Gpe 


- 
6.5 
10 


- 


dB 


Collector Efficiency 
(Vcc - 7-5 Vdc, Pout = 0.5 W) 
f = 870 MHz 


f = 512 MHz 


n 


- 
70 
65 


- 


% 
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FIGURE 1 - 
870 MHz TEST FIXTURE 


CI 
).q/ OI 


VCC -pC7 =t:C6 
vcc -r 


ra-H 


^*X2 


r¥i-1—r^r-1—j—ri6-T-^F»-< 


L3 
L4 
— 
^C4 


I 


C3 


CI, C2, C4, C5 — 1.0-10 pF Johanson 
C3, C6 — 0.001 ft? Chip Capacitor 
C7 — 1.0 pF Tantulam 
Ll. L4 — 4 Turns #26 AWG, 0.3 cm ID, 0.4 cm Long 
L2. L3 — Ferrite Bead 
Microstrip Elements —<r= 1.0 


Z1 —60n 1.5 cm 
22 — 30 n 2.5 cm 
Z3 — 50 O 2.0 cm 
Z4 —50O 1.2 cm 
Z5, Z6-50 n 1.25 cm 


FIGURE 2 - 
OUTPUT POWER versus INPUT POWER 


f = 512 MHz 
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Vcc =12 5V/ 
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FIGURE 4 — OUTPUT POWER versus COLLECTOR VOLTAGE 
f= 512 MHz 
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FIGURE 3 - 
OUTPUT POWER versus FREQUENCY 
VCC =7.SV 


1 
1 
Pin =100 mW 


= 50mW 


= 25mW— 
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FIGURE 6 — OUTPUT POWER versus FREQUENCY 
VCC = 12.5 V 


Pin *40m V 


= 25mW 


= 15mw— 


400 
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FIGURE 6 — ZinAND Zql versus COLLECTOR VOLTAGE. INPUT POWER, ANO OUTPUT POWER 


f 
FREQUENCY 
MHz 


Zi„ 
OHMS 
ZOL* 
OHMS 


Vcc =7.8-12.5 V 
VCC =7.5 V 
VCC = 12.6 V 


15 mW 
26 mW 
50 mW 
0.2SW 
0.60 W 
0.75 W 
0.25 W 
0.60 W 
0.75 W 


400 
4.3-jl 3.3 
4.9-jl 1.0 
5.7-J8.7 
31 - j49 
44-J34 
42 - J4.9 
20-J68 
42 - j60 
52-J54 


440 
3.9-J8.8 
4.5-J8.7 
5.4-J6.9 
27-J42 
39-J30 
40-J6.9 
19-J62 
37 - j54 
49 - j50 


480 
3.5-J4.4 
4.1-J6.S 
5.0-J4.3 
24-/36 
36-J25 
39-J9.0 
18-J56 
33-J48 
47-J46 


520 
3.2-J2.2 
3.8-J4.3 
4.7 -jl.7 
22-J30 
34-J20 
37-J12 
17-J52 
31 -J44 
47 - J42 


*Zql=Conjugate ofthe optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


5 
600 


400 


1200 


FIGURE 7 - 
OUTPUT POWER versus INPUT POWER 
f = 870 MHz 


vcc = 12.5vy 
vcC= 7.5 V 


60 
SO 
Pin. INPUT POWER (mW| 
120 


FIGURE 9 - 
OUTPUT POWER versus COLLECTOR VOLTAGE 


f = 870 MHz 
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FIGURE 8 
OUTPUT POWER versus FREQUENCY 
VCC =7.5 V 


"Pin= 
| 


= 50mW 
1 
1 
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FIGURE 10 - 
OUTPUT POWER versus FREQUENCY 
VCC = 12.5 V 


P-in =75 mW 


50 mV 


=25 mV 1 


800 
860 
890 
I. FREQUENCY (MHi) 
920 


FIGURE 11 — Zin AND ZqL versus COLLECTOR VOLTAGE, INPUT POWER. AND OUTPUT POWER 


f 
FREQUENCY 
MHz 


Zin 
OHMS 
ZOL* 
OHMS 


VCC =7.6-12.6 V 
VCC =7.6 V 
VCC = 12.6 V 


26 mW 
60 mW 
100 mW 
0.26 W 
0.60 W 
0.78 W 
0.26 W 
0.50 W 
0.75 W 


800 
2.9 + J2.2 
3.8 + J4.4 
4.7+J6.5 
15.0-J36.8 22.7-J30.6 27.1 -J22.6 14.6-J43.6 17.2-J39.7 23.4-J37.7 


850 
3.2 + J3.5 
3.8+J5.2 
4.8+J7.4 
15.7-J35.3 23.9-J28.7 27.3-j21.5 I6.3-J40.8 17.8-J39.5 23.7-J36.8 


900 
3.8 + J5.7 
4.4+J7.0 
5.4 + j8.7 
16.4-J33.7 25.1 -J27.0 27.S-J20.5 17.3-J38.2 18.3-J39.3 23.9 - J36.0 


960 
4.1 +J7.4 
4.5 + J8.8 
5.5 + jlO.I 
17.0-J32.2 26.3-J25.2 27.6-j19.4J|l7.2-J36.1 20.1 -J38.5 24.5 - J35.6 


*Zoi_=Conjugateofthe optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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FIGURE 12 - 
GAIN versus FREQUENCY 
Vce =10 V, lc =50-100 mA 
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FIGURE 13 - 
GAIN versus COLLECTOR CURRENT 
Vce = 10 V 


FIGURE 14 - 
NOISE FIGURE AND ASSOCIATED GAIN 
versus COLLECTOR CURRENT 
VcE =10 V 
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FIGURE 15 - 
CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
VCE = 10 V 
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FIGURE 16 - 
OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 
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FIGURE 17 - 
COMMON EMITTER SCATTERING PARAMETERS 


VCE 
(Volts) 
ic 
(mA) 


f 
(MHz) 
S11 
S21 
S12 
S22 
ism 
10 
1*211 
10 
|S12I 
to 
IS22) 
10 


5.0 
10 
250 
500 
1000 
1500 


0.72 


0.73 
0.76 


0.82 


-161 
179 
158 
142 


6.20 


3.16 


1.62 


1.08 


93 
76 
55 


41 


0.057 


0.069 
0.105 


0.155 


30 
43 
63 
70 


0.30 


0.27 


0.27 


0.41 


-91 
-94 
-119 


-137 


26 
250 
500 
1000 
1500 


0.70 


0.70 
0.74 


0.79 


-173 
172 
152 
136 


7.17 


3.63 


1.90 


1.32 


89 
75 
54 


39 


0.045 
0.073 
0.134 


0.196 


47 
60 
67 
66 


0.26 
0.20 


0.21 


0.32 


-123 
-128 
-157 


-167 


50 
250 
500 
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1500 


0.72 


0.72 


0.75 


0.81 


-178 
170 
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137 


7.63 


3.85 


2.01 


1.40 


89 
77 
59 
46 


0.038 
0068 


0.129 
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56 
67 
72 
70 
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0.23 


0.23 


0.32 
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100 
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SOO 
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179 
169 
153 
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7.34 


3.70 


1.94 


1.36 


88 
77 
59 
46 


0.036 


0.067 


0.130 


0.191 


61 


71 
74 


71 


0.26 


0.22 
0.24 


0.32 


-143 
-144 


-166 
-167 


150 
250 
SOO 
1000 
1500 


0.78 
0.78 


0.80 


0.85 


176 
167 


151 
135 


5.19 


2.76 


1.49 


1.05 


92 
78 
58 
45 


0.033 


0.065 


0.129 


0.191 


64 
74 
77 
73 


0.22 


0.21 


0.24 


0.35 


-131 


-131 


-155 


-161 


10 
10 
250 
500 
1000 
1500 


0.69 
0.70 
0.74 


0.81 


-157 


-178 
160 
142 


7.03 


3.59 
1.84 


1.20 


94 
77 
55 


41 


0.050 


0.060 
0.094 


0.148 


33 
46 
67 
76 


0.34 


0.32 


0.29 


0.42 


-67 


-69 
-94 


-121 


26 
250 
500 
1000 
1500 


0.67 


0.68 


0.72 


0.78 


-168 
176 
158 
142 


8.30 


4.2S 


2.19 


1.47 


91 
77 
57 
44 


0.039 


0.060 


0.109 


0.165 


46 
60 


71 
74 


0.24 


0.21 


0.19 


0.31 


-93 
-89 
-114 
-134 


50 
250 
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1000 
1500 


0.68 


0.68 
0.72 


0.77 


-174 
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155 
139 


8.88 


4.49 


2.31 


1.58 
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0.18 
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0.112 
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FIGURE 18 - 
TUNABLE TEST FIXTURE 


FIGURE 19 — PRINTED CIRCUIT BOARD LAYOUT 
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MRF571 
MRF572 
MRF573 


MRF571 
CASE 317-01, STYLE 2 


MRF572 
CASE 303-01, STYLE 1 


MRF573 
CASE 358-01, STYLE 1 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
MRF571 
MRFS72 
MRFS73 
Unit 


Collector-Emitter Voltage 
VCEO 
10 
10 
10 
Vdc 


Collector-Base Voltage 
vcbo 
20 
20 
20 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
3.0 
3.0 
Vdc 


Collector Current — Continuous 
ic 
70 
70 
70 
mAdc 


Total Device Dissipation 
@TC = 100"C(1) 
Derate above 100°C 


pd 
0.5 
5.0 
0.75 
7.5 
0.75 
7.5 
Watts 
1 
mW/°C 


Storage Temperature 
Tstg 
-65 to 


+ 150 
-65 to 
+200 
-65 to 


+ 200 
•c 


(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


OFF CHARACTERISTICS 


Collector-Eminer Breakdown Voltage 
(lC = 0.1 mAdc, Ib = 0) 
V(BR)CEO 
10 
12 
— 
Vdc 


Collector-Base Breakdown Vottage 
(lC = 1.0 mAdc, Ie = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 50 ftAdc. lc = 0) 
V(BR)EBO 
2.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 8.0 vdc, i£ = o) 
ice-o 
• 
— 
— 
10 
ftAdc 


ON CHARACTERISTICS 


DC Current Gain 
(lC = 30 mAdc, Vce ° 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


hpE 
50 
300 


Current-Gain — Bandwidth Product 
(VCE = 80 Vqc. 'C = 50 mA, f = 1.0 GHz) 
fr 
— 
8.0 
— 
GHz 


Collector-Base Capacitance 
(Vcb = 6.0 vdc, ie = 0. f = 1.0 mhz) 
Ccb 
— 
.7 
1.0 
pF 


FUNCTIONAL TEST 


Noise Figure 
dC = 5.0 mAdc, Vce = 6.0 Vdc, f = .50 GHz) 
dC = 5.0 mAdc, Vce = 6.0 Vdc, f = 1.0 GHz) 
(lC = 5.0 mAdc, Vce = 6.0 Vdc. f = 2.0 GHz) 
MRF571 
(lC = 5.0 mAdc, Vce = 60 Vdc, f = 2.0 GHz) 
MRF572.573 


NF 


— 


1.0 
1.5 
2.8 
2.5 


2.0 


dB 


Gain @ Noise Figure 
(Vce = 6.0 Vdc, lc = 5.0 mAdc, f = .50 GHz) 
(Vce = 6.0 Vdc, lc = 5.0 mAdc, f = 1.0 GHz) 


Gnf 


10 
16.5 
12 


- 


dB 
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RGURE 1 — Ccb. COLLECTOR-BASE CAPACITANCE 


versus VOLTAGE 
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RGURE 3 — MRF671 — GAIN AT NOISE RGURE AND 
NOI8E RGURE versus FREQUENCY 
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RGURE 5 — MRF571, MRF572 and MRF573 — GAIN AT NOISE 
RGURE AND NOISE RGURE versus COLLECTOR CURRENT 
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RGURE2 — Cfb. INPUTCAPACITANCE 


versus EMITTER BASE VOLTAGE 
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RGURE 4 — MRF572, MRFS73 — GAIN AT NOISE RGURE 
AND NOISE RGURE versus FREQUENCY 
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FIGURE6 — f7, CURRENTGAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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RGURE 7 — Ga MAX. MAXIMUM AVAILABLE GAIN 


versus FREQUENCY 
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RGURE 9—MRFS71 —Gumaxand IS21I2 


versus FREQUENCY 


Gumax 
vce -aov 
ic = 50mA 


21 2* 
|S 


0.15 
02 
OS 
0.6 
1.0 
f, FREQUENCY (GHz) 


1.5 
2.0 
3.0 


MOTOROLA SEMICONDUCTORS 


RGURE 8 —1.0 dB COMPRESSION PT. 
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RGURE 10—MRF572, MRF573 —Gumaxand|S2ll2 


versus FREQUENCY 
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MRFS71 
INRJT/OUTPUT REFLECTION COEFFICIENTS 
versus FREQUENCY (GHz) 
Vce = 6-0V, lc = 5.0 mA 


MRFS71 
FORWARD/REVERSE TRANSMISSION 
COEFRCIENTS versus FREQUENCY (GHz) 
Vce = 6.0 V, lc = 5.0 mA 


MRFS71 COMMON EMITTER S-PARAMETERS 


VCE 
(Votts) 
•c 
(mA) 
f 
(MHz) 
S11 
S21 
s« 
S22 
isiil 
t-4> 
fell 
L* 
!Sl2l 
L$ 
iS22l 
L* 


6.0 
5.0 
200 
0.74 
-86 
10.5 
129 
0.06 
48 
0.69 
-42 
500 
0.62 
-143 
5.5 
97 
0.08 
33 
0.41 
-59 
1000 
0.61 
178 
3.0 
78 
0.09 
37 
0.28 
-69 
1500 
0.65 
158 
2.0 
62 
0.11 
44 
0.26 
-88 
2000 
0.70 
140 
1.6 
51 
0.14 
51 
0.27 
-99 


10 
200 
0.64 
-111 
15 
118 
0.04 
44 
0.53 
-59 
500 
0.58 
-160 
6.9 
93 
0.06 
42 
0.27 
-77 
1000 
0.59 
168 
3.7 
77 
0.09 
52 
0.16 
-91 
1500 
0.63 
151 
2.5 
64 
0.12 
56 
0.16 
-113 
2000 
0.67 
134 
2.0 
53 
0.16 
57 
0.16 
-118 


50 
200 
0.56 
-160 
20.4 
102 
0.02 
57 
0.27 
-98 
500 
0.57 
176 
8.4 
86 
0.05 
67 
0.14 
-130 
1000 
0.60 
156 
4.4 
75 
0.09 
70 
0.11 
-164 
1500 
0.62 
152 
2.9 
64 
0.13 
68 
0.13 
-175 
2000 
0.66 
127 
2.4 
53 
0.18 
62 
0.11 
-178 
8.0 
5.0 
200 
0.75 
-83 
10.7 
129 
0.06 
49 
0.71 
-39 
500 
0.62 
-140 
5.1 
38 
0.08 
34 
0.43 
-54 
1000 
0.60 
-179 
3.7 
78 
0.09 
38 
0.31 
-62 
1500 
0.64 
159 
2.1 
62 
0.10 
45 
0.29 
-80 
2000 
0.69 
141 
1.7 
52 
0.13 
52 
0.29 
-91 


10 
200 
0.64 
-99 
15.1 
120 
0.05 
46 
0.54 
-60 
500 
0.52 
-152 
7.1 
94 
0.07 
45 
0.32 
-75 
1000 
0.52 
170 
3.7 
76 
0.10 
54 
0.15 
-82 
1500 
0.52 
150 
2.5 
62 
0.13 
56 
0.16 
-108 
2000 
0.57 
133 
2.0 
51 
0.18 
55 
0.16 
-107 
50 
200 
0.52 
-153 
19.6 
102 
0.03 
56 
0.28 
-92 
500 
0.52 
178 
8.1 
88 
0.05 
67 
0.16 
-98 
1000 
0.56 
157 
4.1 
73 
0.10 
70 
0.06 
-130 
1500 
0.54 
139 
2.8 
62 
0.13 
68 
0.11 
-146 
2000 
0.59 
126 
2.2 
52 
0.19 
63 
0.10 
-137 
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MRFS72 
INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY (GHz) 
Vce = 6.0 V, lc = S.OmA 


MRFS72 
FORWARD/REVERSE COEFRCIENTS 
versus FREQUENCY (GHz) 
VcE = 6.0 V, lc = 5.0 mA 


+ 106* 
+8o- 
+75. 
+I20V---^T' 
______T—^+60* 


135* 
—tC^On*45* 


+ I50V 
//*£y 
^W\X\\+3(r 


+«S'/^ )Ss5c 
Xl.0 115v.Si2\1.0-in \ \ \ 
I?°T H > 
1 
ItU" 
121 I»l »(jL«t-,ii W3j~tI$*] if 


-165*V^S 


-150* 
3^v/yy7-jo' 


IB* 
zzzz^ys<yy-& 
-IM^-T 
-~~~\^y-vr 


MRFS72 COMMON EMITTER S-PARAMETERS 


vce 
(Volts) 
(mA) 


f 
(MHz) 


Sl1 
S21 
S« 
S22 


ISnl 
L* 
fell 
z.4> 
|Sl2l 
L-* 
IS22I 
I 
L$ 


6.0 
5.0 
200 
0.81 
-73 
10.9 
134 
0.06 
50 
0.74 
-40 


500 
0.68 
-130 
6.1 
102 
0.09 
29 
0.43 
-64 


1000 
0.66 
-167 
3.3 
79 
0.10 
22 
0.29 
-77 


1500 
0.66 
174 
2.3 
63 
0.10 
22 
0.27 
-94 


2000 
0.68 
161 
1.8 
49 
0.11 
23 
0.29 
-104 


10 
200 
0.72 
-101 
15.9 
123 
0.05 
43 
0.57 
-58 


500 
0.66 
-150 
7.7 
95 
0.06 
30 
0.29 
-86 


1000 
0.66 
-178 
4.0 
77 
0.08 
33 
0.19 
-103 


1500 
0.67 
166 
2.7 
63 
0.09 
36 
0.19 
-122 


2000 
0.69 
155 
2.1 
51 
0.10 
37 
0.20 
-129 


50 
200 
0.67 
-154 
21.8 
104 
0.02 
43 
0.30 
-94 


500 
0.68 
-177 
9.0 
87 
0.03 
52 
0.17 
-129 


1000 
0.70 
167 
4.5 
74 
0.06 
58 
0.14 
-151 


1500 
0.71 
157 
3.0 
62 
0.08 
59 
0.16 
-160 


2000 
0.73 
148 
2.3 
51 
0.10 
55 
0.17 
-161 


8.0 
5.0 
200 
0.83 
-69 
10.9 
136 
0.06 
52 
0.75 
-36 


500 
0.71 
-125 
6.3 
103 
0.08 
30 
0.46 
-57 


1000 
0.64 
-164 
3.5 
80 
0.09 
24 
0.31 
-68 


1500 
0.65 
176 
2.4 
63 
0.10 
23 
0.29 
-84 


2000 
0.66 
163 
1.8 
49 
0.11 
24 
0.30 
-94 


10 
200 
0.74 
-94 
16.2 
125 
0.05 
45 
0.60 
-51 


500 
0.65 
-146 
7.9 
96 
0.06 
32 
0.31 
-74 


1000 
0.64 
-176 
4.2 
77 
0.07 
33 
0.20 
-87 


1500 
0.65 
168 
2.8 
63 
0.09 
36 
0.19 
-104 


2000 
0.67 
156 
2.2 
50 
0.10 
37 
0.20 
-111 


50 
200 
0.62 
-150 
22.7 
104 
0.02 
43 
0.30 
-81 


500 
0.64 
-174 
9.4 
86 
0.03 
51 
0.15 
-107 


1000 
0.68 
167 
4.8 
74 
0.05 
58 
0.10 
-126 


1500 
0.69 
160 
3.2 
61 
0.07 
58 
0.13 
-140 


2000 
0.70 
147 
2.4 
I 
M 
0.09 
55 
0.15 
-140 
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MRFS73 
INPUT/OUTPUT REFLECTION 
COEFRCIENTS versus FREQUENCY (GHz) 
VcE = 6.0V, lc = 6.0 mA 


MRF573 
FORWARD/REVERSE COEFFICIENTS 
versus FREQUENCY (GHz) 
Vce ° 6.0V, Iq s 50 mA 


MRF573 COMMON EMITTER S-PARAMETERS 


vce 
(Volts) 
ie 
(mA) 


f 
(MHz) 


Sll 
S21 
S« 
SZ2 


fell 
L* 
fell 
<-* 
IS12I 
*.4> 
IS22I 
*-4> 


6.0 
5.0 
200 
500 
1000 


1500 
2000 


0.76 
0.61 
0.59 


0.61 
0.64 


-73 
-132 
-173 


165 


149 


10.6 


6.0 
3.2 


2.2 


1.8 


134 


100 


77 


59 
45 


0.06 


0.09 


0.11 
0.12 


0.13 


52 
35 


33 
35 
36 


0.72 
0.41 


0.24 


.0.19 
0.18 


-40 
-63 
-76 
-99 
-117 


10 
200 
500 


1000 


1500 
2000 


0.64 


0.56 
0.58 
0.60 
0.64 


-99 
-152 


175 
158 


144 


15.1 


7.2 


3.8 


2.6 


2.0 


122 
94 
74 


60 
46 


0.05 
0.07 
0.09 
0.12 


0.13 


48 


41 
45 
47 
45 


0.56 
0.27 


0.14 
0.13 
0.13 


-55 
-81 
-102 
-135 
-155 


50 
200 
500 
1000 
1500 
2000 


0.54 


0.56 


0.59 
0.61 
0.65 


-1S3 
-179 


162 


150 
138 


19.6 


8.1 


4.1 


2.8 
2.1 


104 
85 


71 


58 
46 


0.03 
0.05 


0.09 
0.12 
0.13 


55 
62 


63 
60 
54 


0.29 
0.13 


0.08 
0.12 
0.14 


-83 
-115 
-157 


179 
165 


8.0 
5.0 
200 
500 
1000 
1600 
2000 


0.78 


0.61 
0.57 
0.59 
0.62 


-67 
-125 
-169 
168 
161 


10.6 


6.1 
3.4 


2.3 


1.8 


136 


102 


78 
60 
46 


0.06 
0.09 
0.10 
0.12 


0.14 


54 


36 
33 
36 
36 


0.75 
0.44 
0.27 
0.21 


0.19 


-38 
-56 
-66 
-84 
-100 


10 
200 
500 
1000 
1500 
2000 


0.66 
0.66 


0.55 
0.67 
0.62 


-92 
-147 
178 
160 
146 


15.3 
7.6 
3.9 
2.7 
2.1 


125 
95 
76 
60 
47 


0.05 
0.07 
0.09 


0.12 
0.13 


49 
41 
45 
47 
45 


0.60 
0.30 
0.16 
0.12 
0.11 


-49 
-70 
-81 
-109 
-130 


50 
200 
500 
1000 
1600 
2000 


0.53 
0.63 
0.57 
0.69 
0.63 


-147 
-178 
168 
161 
143 


20.8 


9.0 
4.6 
3.1 
2.3 


105 
87 
72 


61 
49 


0.02 
0.04 
0.07 
0.11 
0.13 


47 
67 
81 
59 
56 


0.31 
0.18 
0.08 
0.07 
| 
0.09 


-73 
-90 
-110 
-164 
-172 
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MRF571 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


MOTOROLA SEMICONDUCTORS 


+J250 
Vce = 6.0V, lc = 5.0 mA 
1 
f = 500 MHz 
— REGION OF INSTABILITY 
+|500 


7-182 


f(GHz) 
NF0PT(dB) 
RnKl) 
NF50 n (dB) 


0.5 
0.9 
9.3 
1.3 


TmaNFoPT 
K 


0.49 Z.74" 
0.58 


VCe = 6.0 V, lc = 5.0 mA 
f = 1.0 GHz 


f(GHz) NFQPTldB) Rnttt) 
NF50 n (dB) 
rmsNFQPTI 


1.0 
1.5 
7.5 
2.2 
|0.48 £134° | 


Tms 
TmL 


0.89 L-179° 
0.81 £66° 
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MRF572, MRF573 — CONSTANT GAIN and NOISE FIGURE CONTOURS 


SMALL-SIGNAL DEVICES 


7-183 


Vce = 6.0V, I = 5.0 mA 
f = 500 MHz 
KN — REGION OF INSTABILITY 


f(GHz) 
Rn(n) 
NF (son) 
rmsNFoPT 


0.5 
17.1 
1.5 
0.43 L. 57° 


K 
NFoPT 


0.55 
1.0 


Vce " 6.0V, lc = 5.0 mA 
f = 1.0 GHz 


f(GHz) 
NFqPT 
Rn(n) 
NF50 (O) (dB) 


1.0 
1.5 
6.0 
2.0 


TmsNFoPT 
K 


0.56 L 116° 0.93 
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MRF571 1.0 GHz TEST CIRCUIT 


RFC! 


RF 
Input 


Z1 
Z2 
23 
Z4 


C1 


CI, C2. C6 
C5, C7 
C3. C8 
C4, C9 


R1 


560 pF Chip Capacitor 
RFC1. RFC2 
0.018 u? Chip Capacitor 
Z1-29 
0.1 fiF Mylar Capacitor 
Bead 
1.0 uF Electrolytic Capacitor 
Board Material 
2.7 k!l 


MRF571 TEST CIRCUIT 


MOTOROLA SEMICONDUCTORS 


7-184 


RF 
tput 
rO*o-e-<o: 


VK-200, Ferroxcube 
Microstrip, See Photomaster 
Ferrite Bead, Ferroxcube 56-590-65 3B 
0.0625" Teflon Fiberglass er = 2.5 ± 0.05 
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MRF572, 573 1.0 GHz TEST FIXTURE 


RFC1 


C1, C2, C6, C7 
C5, C8 
C3, C9 
C4, CIO 
Rl 


560 pF Chip Capacitor 
0.018 uF Chip Capacitor 
0.1 /if Mylar Capacitor 
1.0 ftP Electrolytic Capacitor 
2.7 kll 


RFC2 


RFC1, RFC2 
VK-200. Ferroxcube 
Z1-Z7 
Microstrip, See Photomaster 
Bead 
Ferrite Bead, Ferroxcube 56-590-65 3B 
Board Material 
0.031" Teflon Fiberglass tr = 2.5 * 0.05 


MRF572, 573 TEST CIRCUIT 
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PHOTOMASTER OF MRF571 CIRCUIT LAYOUT 


PHOTOMASTER OF MRF572, 573 CIRCUIT LAYOUT 
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MAXIMUM RATINGS 


Rating 
Symbol 
MRF581 
MRF581 
Unit 


Collector-Emitter Voltage 
VCEO 
18 
18 
Vdc 


Collector-Base Voltage 
vcbo 
36 
36 
Vdc 


Emitter-Base Voltage 
vebo 
2.5 
2.5 
Vdc 


Collector Current — Continuous 
ic 
200 
200 
mAdc 


Total Device Dissipation 
@TC = 50°C(1) 
Derate above Tc = 50°C 


pd 
2.5 
25 


2.5 
25 
Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-65 to 


+ 150 
-65 to 


+ 150 
•c 


(1)Case temperature measured on collector lead immediately adjacent to body of 
package. 


ELECTRICAL CHARACTERISTICS (Ta = 25'C unless otherwise noted.) 


MRF580 


CASE 317A-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MRF581 


CASE 317-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
' 
(lc= 10mAdc, Ib = 0) 
V(BR)CEO 
18 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC =10 mAdc, Ie = 0) 
V(BR)CBO 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(Ig = 0.10 mAdc, lc = 0) 
V(BR)EBO 
2.6 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, Ie = 0) 
ICBO 
— 
— 
100 
ftAdc 


Emitter Cutoff Current 
(Vce = 2.0 vdc, Vbe = o) 
lEBO 
— 
— 
100 
fiAdc 


ON CHARACTERiSTICS 


DC Current Gaind) 
(lC = 50 mAdc, Vce = 5.0 Vdc) 
hFE 
50 
— 
200 
— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 75 mAdc, Vce = 10 Vdc,f = 1.0 GHz) 
fT 
— 
5.0 
— 
GHz 


Collector-Base Capacitance 
(Vcb = 10 vdc, iE = o, f = i.o mhz) 
Ccb 
— 
1.4 
2.0 
PF 


FUNCTIONAL TESTS 


Noise Figure 
MRF5807581 
dC = 50 mAdc, Vce = 10 Vdc, f = 0.6 GHz) 
Figure 18 


NF 
— 
2.0 
3.0 
dB 


Power Gain at Optimum Noise Figure 
MRF580 
(lC = 50 mAdc,Vce = 10 Vdc,f = 0.5 GHz) 
Figure18 
Qnf 
11 
14 
— 
dB 


Power Gain at Optimum Noise Figure 
MRF581 
dc = 50 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
Figure 18 
Qnf 
13 
15.5 
— 
dB 


Maximum Available Power Gain 
MRF580(2) 
dC = 75 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
Gmax 
— 
15 
— 
dB 


Maximum Available Power Gain 
MRF58K2) 
dC = 75 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
Gmax 
— 
17.5 
— 
dB 


Intermodulation Distortion 
MRF58K3) 
(Vce = 10 V. lc = 75 mA, Vout = +50 dBmV) 
Figure 16 
IMD(d3) 
— 
-65 
— 
dB 


(1) 300 its pulse on Tektronix 576 or equivalent. 
(2) Characterized on HP8542 Automatic Network Analyzer. 
(3) 2 Tones, f1 = 497 MHz, f2 => 503 MHz, 3rd Order Single Tone reference. 
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RGURE 1 — C{b 'NPUT CAPACITANCEversus VOLTAGE 


"6.0 
8 


f = 1.0 MHr 


Cjh 
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2.0 
veb.emitter-base voltage ivoltsi 


RGURE 2 — Ccb, cob COUECTOR-BASE CAPACITANCE 


versus VOLTAGE 


5.0 


RGURE 3 — GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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RGURE 4 — 2ND AND 3RD ORDER INTERCEPT POINTS 
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MRFS80 TYPICAL PERFORMANCE 


RGURE5 — Gu max-MAXIMUM UNILATERAL GAIN, 
IS21I2 versusFREQUENCY 
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RGURE 6 — Ga max- MAXIMUM AVAILABLE GAIN 
versus FREQUENCY 


FIGURE 7 — NOISE RGURE AND GAIN ASSOCIATED 


WITH NOISE RGURE versus FREQUENCY 
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RGURE 8 — NOISE FIGURE AND GAIN ASSOCIATED WITH 
NOISE RGURE versus COLLECTOR CURRENT 
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RGURE 9 — MRFS80 COMMON EMITTER S-PARAMETERS 


Vce = 10 V 
lc - 50 mA 
INPUT/OUTPUT REFLECTION 
COEFRCIENT versus FREQUENCY 


♦ J50 


FORWARD/REVERSE TRANSMISSION 
COEFRCIENTS versus FREQUENCY 


vce 
(Vottt) 
•C 
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1 
(MHi) 
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IS-iil 
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LO 
|S«I 
CO 
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CO 


5.0 


25 


300 


500 
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1500 


0.49 


0.52 


0.53 


0.55 


-170 
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149 


125 


5.97 


3.63 


1.98 


1.46 


91 


78 


58 
44 


0.083 


0.127 


0.24 


0.35 


60 


64 
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60 


0.24 


0.18 


0.13 


0.19 
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-172 
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300 
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0.54 
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6.35 
3.6S 


2.10 


1.56 


90 


79 


59 


46 


0.08 


0.13 


0.25 


0.36 


64 


67 
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MRF581 TYPICAL PERFORMANCE 


RGURE10 — Gu max — MAXIMUM UNILATERAL GAIN, 
IS21I2 versus FREQUENCY 
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RGURE 12 — NOISE RGURE AND GAIN ASSOCIATED 


WITH NOISE RGURE versus FREQUENCY 
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RGURE 11— Ga max. MAXIMUM AVAILABLE GAIN 


versus FREQUENCY 
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RGURE 13 — NOISE FIGUREAND GAIN ASSOCIATED WITH 
NOISE RGURE versus COLLECTOR CURRENT 
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RGURE 14 — OUTPUT POWER versus INPUT POWER 
f = 470 MHz 
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RGURE 15 — OUTPUT POWER versus INPUT POWER 
f = 870 MHz 
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RGURE 16 — MRF581 COMMON EMITTER S-PARAMETERS 


INPUT/OUTPUT REFLECTION 
COEFRCIENT versus FREQUENCY 
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vCe = iov, 
lC= 50mA 


f(MHz) 
nvis 
ITtIL 
rMs 
NFOPT 
GaMAX 
(dB) 
Rn 
in) 


NF 
OPT 
NF 
(50 ft) 


500 
0.91/176* 
o.i&jrr 
0.3a>159° 
18 
10.S 
2.0 
2.5 


Circuit Per Rgure 20 


RGURE 18 — FUNCTIONAL CIRCUIT SCHEMATIC 
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RGURE 19 — Z|n AND Zql versus COLLECTOR VOLTAGE. INPUT POWER AND FREQUENCY 


Pin 
(mW) 


f 
MHz 


Zin 
Ohms 
ZOL* 
Ohms 


7.5 V 
12.5 V 
7.5 V 
12.5 V 


50 


420 
9.8 - 
J12.0 
10.3 - 
J11.1 
27.5 - 
J2.7 
54.5 + )5.7 


470 
14.2 - 
jl 1.1 
10.2 - J10.2 
28.6 - 
J2.9 
30.8 - J26.3 


520 
13.6 - 
J8.6 
8.2 - J7.7 
27.0 - 
J5.0 
30.4 - 
J26.0 


75 


806 
7.6 + J1.3 
7.7 + jO.8 
16.4 - J22.7 
22.3 - 
J34.0 


870 
7.7 - 
J1.7 
7.7 - J2.1 
18.4 - J19.2 
25.1 - J28.1 


360 
6.0 + J4.3 
5.9 + J2.5 
21 - J17.1 
24.5 - J20.4 


*Zql * Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


RGURE 20 — MRF5807581 TEST RXTURE SCHEMATIC 
500 MHz 


RF 
Input 


CI, C2 
— 470 pF Chip (Ceramic) 
C3, C4 
— 0.018 fiF Chip Capacitor 
C5, C6 
— 0.1 fiF Mylar 
C7.C8 
— 1.0 fiF, 25 Vdc Electrolytic 
C9 
— 91 pF Mini-Unelco (C9 Taped 3.68 cm from 
Collector Connection on TL4 as shown) 
C10 
— 35-45 pF Johanson Ceramic Capacitor, JMC 
5801 or Equivalent (C10 Taped 3.12 cm from 
Base Connection on TL1) 


MOTOROLA SEMICONDUCTORS 


ki4 
{^°^ut 


R1— 2.7 kfl, 1%W 
RFC1 — 0.15 /<H Molded Choke 
TL1,TL2— Zo = 26 ft, 0.0625 TFG as shown in 
Photomaster 
TL3,TL4— A/4Microstrip, Zo = 100 ft 
Y1, Y2 — N-Type Connection (Female) 
Y3, Y4 — BNC-Type Connector (Female) 
Board Material — 0.0625" Thick Glass Teflon cr - 2.5 
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FIGURE 21 — PC BOARD PHOTOMASTER 
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MRF604 


CASE 26*03, STYLE 1 
TO-46 (TO-206AB) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 
MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage 
vCEO 
20 
Vdc 


Collector-Base Voltage 
Vcbo 
40 
Vdc 


Emitter-Base Voltage 
vebo 
2.0 
Vdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25*C 
pd 
2.5 
0.04 
Watts 
W/°C 


Storage Temperature 
Tstq 
-65 to +200 
°C 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 100 ftAdc,Ie = 0) 
V(BR)CBO 
40 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 100 ftAdc, lc = 0) 
V(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce a 12 vdc, Ib = o) 
'CEO 
— 
— 
1.0 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 50 mAdc, Vce = 5.0 Vdc) 
hFE 
20 
80 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lC = 50 mAdc, Vce = 10 Vdc f = 200 MHz) 
fr 
800 
— 
— 
MHz 


Output Capacitance 
(Vcb = 12.5 Vdc, |E = 0, f = 1.0 MHz) 
Cobo 
— 
— 
3.S 
pF 


FUNCTIONAL TEST 
(RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12-5Vdc. P0ut = 10 W. f = 175 MHz) 
GPE 
10 
— 
— 
dB 


Collector Efficiency 
(Vcc = 12-5Vdc, Pout = 1.0 W, f = 175 MHz) 


V 
50 
— 
— 
% 


Series Equivalent Input Impedance 
(Vcc = 12-5Vdc, Pout = 10 W, f = 175 MHz) 
Zin 
— 
7.5-J14 
— 
Ohms 


Series Equivalent Output Impedance 
(VCC = 12.5 Vdc. Pout = 10 W, f = 175 MHz) 
Zout 
— 
47-J60 
— 
Ohms 
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FIGURE 1 -175 MHi TEST CIRCUIT SCHEMATIC 


mpui y Q 
*r- 


C1.C2.C3.C4 
3.0 30pF 
C5 
1000 pF 
C6 
0.01 ftF 
L1 
2 Turn*. #16 AWG,3/16" I.O.. 1/4" Long 
L2 
0.15 jiH, MOLDED CHOKE 
L3 
4 Turns, »16 AWG.3/B" I.D.,3/8" Long 
Rl 
10011. 1/4 W. 10% 


FIGURE 2 - OUTPUT POWER versus INPUTPOWER 
FIGURE 3 - CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 4 - OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 
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CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Collector-EmitterVoltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
TotalDevice Dissipation @ Tc 
Derate above 75°C 


Storage Temperature 


75X(1) 


Symbol 


VCEO 
Vcbo 
vebo 


pd 


Value 


16 


36 


4.0 


0.33 


3.5 
28 


-65 to +200 


Unit 


Vdc 


Vdc 


Vdc 


Adc 


Watts 
mW/'C 


°C 
Jstg_ 
(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when thedevices areoperated as classBorCRF amplifiers. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
OFF CHARACTERISTICS 
Unit 


Collector-Emitter Breakdown Voltage 
(lC = 25 mAdc. Ib = 0) 
v(BR)CEO 
16 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 25 mAdc, Vbe = 0) 
V(BR)CES 
36 
- 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.5 mAdc, lc = 0) 
v(BR)EBO 
4.0 
- 
Vdc 


Collector Cutoff Current 
(Vce = io Vdc, Ib = o) 
<CEO 
— 
0.3 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC " 50 mAdc, Vce = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb ° 12 vdc, ie = o. f ° 1.0 mhz) 


FUNCTIONAL TEST 
(RGURE 1) 


"FE 


C0bo 


20 
150 


15 
pF 


Common-Emitter Amplifier Power Gain 
(Pout = 1-75W, Vcc = 12.5 Vdc, f = 175 MHz) 
GPE 
11.5 
- 
dB 


Collector Efficiency 
(Pout = 1-75W, Vcc = 125 Vdc,f = 175 MHz) 
V 
50 
— 
% 
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FIGURE 1 - 175 MHi TEST CIRCUIT SCHEMATIC 


CI 
2.7-15 pF, ARCO 461 
C2 
9.0-180 pF, ARCO 463 
C3.C4 
6.0-80 pF, ARCO 462 
CS 
1000pFUNELCO 
C6 
5(lF. 25 Vdc. TANTALUM 


Ll 
1 Turn #20 AWG. 3/8" ID 


L2 
3 Turns #20 AWG. 3/8" ID 
L3 
0.22 uH Molded Choke 
L4 
0.15 *iH Molded Choko 
with FERROXCUBE 
56 590-65 38 Bead on 
ground lead 


TYPICAL PERFORMANCE DATA 
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FIGURE 2 - 
OUTPUT POWER versus FREQUENCY 
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FIGURE 4 - 
OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 3 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 5 - 
SERIES EQUIVALENT IMPEOANCE 
PARAMETERS 


MOTOROLA SEMICONDUCTORS 


MRF626 
MRF627 


MRF626 
CASE 305-01, STYLE 1 


MRF627 
CASE 305A-01, STYLE 1 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
20 
Vdc 
Collector-Base Voltage 
Vcbo 
30 
Vdc 
Emitter-Base Voltage 
Vebo 
3.5 
Vdc 


Collector Current — Continuous 
ic 
150 
mAdc 
Total DeviceDissipation @ Tc •= 25°C 
Derate above 25'C 
pd 
2.5 
35 
Watts 
mwrc 
Storage Temperature 
Tsta 
-65 to +200°C 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rwc 
28.5 
°c/w 


ELECTRICAL CHARACTERISTICS (Ta ° 2S°C unless otherwisenoted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 5.0 mAdc, Ib = 0) 
V(BR)CEO 
20 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
30 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE » 0.1 mAdc, lc = 0) 
v(BR)EBO 
3.5 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 12 vdc, is = o) 
'CEO 
— 
— 
1.0 
mAdc 


Emitter Cutoff Current 
(Vbe = 3.5 Vdc, lc = 0) 
>EBO 
— 
— 
1.0 
mAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC «* 50 mAdc, Vce = 10 Vdc) 
hFE 
15 
- 
150 
- 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VC£ = 12.5 Vdc, f = 200 MHz) 
dC = 100 mAdc, Vce = 12-5 Vdc, f = 200 MHz) 
dC = 150 mAdc, Vce = 12.5 Vdc, f = 200 MHz) 


fT 


- 
2.5 
2.7 
2.6 


- 


GHz 


Output Capacitance 
(Vcb = 12.5Vdc, Ie = 0, f = 1.0 MHz) 
cobo 
— 
3.0 


" 
, 


Input Capacitance 
(Vbe = 10 vdc, ic = 0, f = 1.0 mhz) 
Cjbo 
— 
8.8 


• 
pF 


FUNCTIONAL TEST (RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 125 Vdc, Pout = 0.5 W, f = 470 MHz) 
Gpe 
10 
12 
- 
dB 


Collector Efficiency 
(Vcc = 125 Vdc, Pout = 0.5 W. f = 470 MHz) 
V 
— 
60 
— 
% 


Series Equivalent Input Impedance 
(Vcc = 125 Vdc, Pout = 0.5 W, f = 470 MHz) 
Zin 
— 
6.0-J4.0 
— 
Ohms 


Series Equivslent Output Impedance 
(Vcc = 125 Vdc, Pout = 0.5 W, f = 470 MHz) 
zout 
— 
45-J28 
— 
Ohms 
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MRF626 • 
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FIGURE 1 - OUTPUT POWER versos INPUT POWER 


FIGURE 2 - OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 
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FIGURE 3 - 470 MHz TEST CIRCUIT SCHEMATIC 
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Z1 
- 
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Board-Glass Teflon. 3" x 5" x 0.060" 
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Input/Output Connoetors - Typo N 


FIGURE 4 - 470 MHz TEST CIRCUIT LAYOUT 
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MRF626 • 
MRF627 


FIGURES- TYPICAL Sn and S22 versus FREQUENCY 


FIGURE 6 - TYPICAL S12 versus FREQUENCY 
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FIGURE 7 - TYPICAL S21 versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage 
VCEO 
16 
Vdc 


Collector-Base Voltage 
Vcbo 
36 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
ic 
200 
mAdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
PD 
3.0 
17.2 
Watts 
mVWC 


Storage Temperature 
Tsto 
-65 to +200 
•c 


ELECTRfCAL CHARACTERISTICS (Ta = 26"Cunless otherwise noted.) 


Characteristic 
Symbol 


OFF CHARACTERISTICS 


MRF628 


CASE 249-05, STYLE 1 


UHF AMPURER TRANSISTOR 


NPN SIUCON 


Min 
Typ 
| 
Max 
Unit 


Collector-Emitter Breakdown Voltaged) 
(lC = 20 mAdc, Ib = 0) 
V(BR)CEO 
16 
— 
— 
Vdc 


Collector-Emitter Breakdown Voltaged) 
dC = 20 mAdc, VgE = 0) 
V(BR)CES 
36 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 20 mAdc, Ie = 0) 
V(BR)CBO 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 5.0 mAdc, lc = 0) 
V(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(VCB = 15 Vdc, lc = 0) 
ICBO 
— 
— 
0.5 
mAdc 


Collector Cutoff Current 
(Vce = is Vdc, vbe = o, Tc = 25°ci 
>ces 
— 
— 
2.0 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 mAdc. Vce = 5.0 Vdc) 
hFE 
20 
— 
— 
— 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 12 Vdc, Ig = 0, f = 1.0 MHz) 
Cobo 
— 
6.0 
10 
pF 


FUNCTIONAL TEST (FIGURES 5 AND 6) 


Common-Emitter Amplifier Power Gain 
(Vcc = 125 Vdc, Pout = 0-5 W, lc(max) « 80 mAdc, f = 470 MHz) 
GpE 
10 
— 
— 
dB 


Collector Efficiency 
(Vcc = 125 Vdc, Pout = 0.6 W.lc(max) = 80 mAdc, f = 470 MHz) 


1 
50 
— 
— 
% 


(1) Pulsed thru 25 mH inductor. 
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FIGURE 1 - 
SERIES EQUIVALENT 
IMPEOANCE PARAMETERS 


FIGURE 3 - 
OUTPUT POWER versus FREQUENCY 
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FIGURE 2 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 4-0 UTPU"TPOVl/ER versus VOLTAGE 
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FIGURE 5 - 
470 MHz TEST CIRCUIT 
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FIGURE 6 - 470 MHz TEST CIRCUIT SCHEMATIC 
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CASE 79-03, STYLE 5 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 
Collector-Emitter Voltage 
Vceo 
16 
Vdc 
Collector-Base Voltage 
Vcbo 
36 
Vdc 
Emitter-Base Voltage 
vebo 
4.0 
Vdc 


Collector Current — Continuous 
"C 
400 
mAdc 
Total DeviceDissipation @ Tc - 25°C 
Derate above 250C 
pd 
5.0 
50 
Watts 
mW/°C 
Storage Temperature 
Tsta 
-65 to +200 
°C 


ELECTRICAL CHARACTERiSTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Max 
Unft 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 50 mAdc, Ib = 0) 
V(BR)CEO 
16 
— 
Vdc 


Collector-Emitter Breakdown Voltage 
dC = 50 mAdc, Vbe = 0) 
V(BR)CES 
36 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(lE = 1.0 mAdc. lc = 0) 
v(BR)EBO 
4.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is Vdc, Ie = o) 
'CBO 
— 
1.0 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 mAdc, Vce = 5.0 Vdc) 
hFE 
20 
200 
— 


SMALL-SIGNAL CHARACTERiSTICS 


Output Capacitance 
(Vcb = 12.5 Vdc Ie = 0. f = 1.0 MHz) 
C0bo 
— 
15 
PF 


FUNCTIONAL TEST (RGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 125 Vdc. Pout = 2.0 W,f = 470 MHz) 
Gpe 
8.0 
— 
I 
dB 


Collector Efficiency 
(Vcc = 12-5 Vdc, Pout = 2.0 W, f = 470 MHz) 


r? 
50 
— 
% 
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FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 
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FIGURE 2 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - 
OUTPUT POWER versus SUPPLY VOLTAGE 
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CASE 79-03, STYLE 5 


UHF AMPURER TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage 
VCEO 
16 
Vdc 


CoIlector-B8se Voltage 
VCES 
36 
Vdc 


Emitter-Base Voltage 
Vebo 
4.0 
Vdc 


Collector Current — Continuous 
"c 
1.0 
Adc 


Total Device Dissipation @ Tc - 25°C 
Derate above 25°C 
pd 
8.75 
50 
Watts 
mWVC 


Storage Temperature 
TStfl 
-65 to +200 
°C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unft 


Thermal Resistance, Junction to Case 
RflJC 
20 
'CAN 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 50 mAdc, Ifi = 0) 
V(BR)CEO 
16 
— 
- 
Vdc 


Collector-Emitter Breakdown Voltage 
(lC = 50 mAdc, Vbe = 0) 
V(BR)CES 
36 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, lc = 0) 
v(BR)EBO 
4.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vce = 12.5 Vdc, Vbe = 0, Tc = 25°C) 
ices 
— 
— 
1.0 
mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 mAdc, Vce = 5.0 Vdc) 
hFE 
20 
60 
— 
— 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB " 12.5 Vdc, Ig = O,f ° 1.0 MHz) 


FUNCTIONAL TEST (RGURE 1) 


Cobo 
8.0 
12 
pF 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.6 Vdc, Pout = 3.0 W, f = 470 MHz) 
Gpe 
9.5 
10 
— 
dB 


Collector Efficiency 
(VCC = 125 Vdc, Pout = 3.0 W, f = 470 MHz) 


V 
— 
55 
— 
% 
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FIGURE 1 - 
470 MHz TEST CIRCUIT SCHEMATIC 
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OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — POWER OUT versus SUPPLY VOLTAGE 
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FIGURE 3 - 
OUTPUT POWER versus FREQUENCY 
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FIGURE 6 - 
OUTPUT POWER versus FREQUENCY. 
BROADBAND CIRCUIT 
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FIGURE 7 
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MOTOROLA SEMICONDUCTORS 


C7 — 220 pF Ceramic Chip 
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a-en 
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FIGURE 8 - 
BROADBAND CIRCUIT 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 


Collector-Base Voltage 
vcbo 
25 
Vdc 


Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
30 
mAdc 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
pd 
0.375 
3.3 
Watt 
mW/'C 


Storage Temperature 
Tsta 
150 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
300 
°CAV 


ELECTRICAL CHARACTERiSTICS (Ta = 25"Cunless otherwise noted.) 


MRF901 


CASE 317-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1-0 mAdc, Ib = 0) 
V(BR)CEO 
15 
— 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC - 0.1 mAdc, Ie = 0) 
V(BR)CB0 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
2.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc, IE = 0) 
'CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, VCe = 5.0 Vdc) 
hFE 
30 
80 
1 
200 
- 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC ° 15 mAdc, Vce ° 10 V<*C f • 
1.0 GHz) 


Collector-Base Capacitance 
(Vcb ° io vdc. Ie = o. f 
1.0 MHz) 


Noise Figure 
dC ° 5.0 mAdc, Vce = 6.0 Vdc, f = 1.0 GHz) 


FUNCTIONAL TEST (RGURE 1) 


Ccb 


NF 


4.5 
GHz 


0.4 
1.0 
PF 


2.0 
2.5 
dB 


Common-Emitter Amplifier Power Gain 
(Vcc = 60 Vdc, lc = 5.0 mA, f = 1.0 GHz) 
Gpe 
10 
12 
- 
dB 


Third Order Intercept 
(lC = 5.0 mAdc, Vce = 6.0 Vdc, f = 0.9 GHz) 


— 
— 
+ 23 
— 
dBm 
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FIGURE 6- NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 8 - COLLECTOR-BASE CAPACITANCE 
l COLLECTOR-BASE VOLTAGE 
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TABLE I- Si 1 


FREQUENCY (MHz) 
200 
SOO 
1000 
1500 
2000 


VCC 
"C 
ISill 
LO 
ism 
L0 
ISill 
LO 
iSnl 
LO 
ism 
L0 


1.0mA 
.83 
-54 
.65 
-110 
£1 
-153 
.62 
+177 
.65 
♦157 


2.5 
.72 
-74 
.57 
-132 
.56 
-171 
.58 
+165 
£1 
+148 


5.0 
.63 
-98 
.55 
-151 
.55 
+174 
.58 
+154 
.60 
+140 
1 Volt 
10 
.55 
-130 
.55 
-170 
.56 
+164 
.59 
+148 
.61 
+135 


15 
.55 
-147 
.56 
-178 
.58 
+160 
.62 
+145 
.63 
+133 


20 
.58 
-165 
.60 
+174 
.62 
+158 
£5 
+144 
.67 
+132 


1.0 
.85 
-48 
.68 
-100 
.61 
-149 
.62 
+178 
.65 
+156 


2.5 
.75 
-63 
.58 
-121 
.53 
-169 
.56 
+164 
.59 
+146 


5.0 
.64 
-82 
.52 
-139 
.51 
+177 
.54 
+156 
.57 
+139 
3 Volt* 
10 
.53 
-112 
.48 
-160 
.51 
+167 
.54 
+149 
.56 
+134 


15 
.49 
-126 
.48 
-168 
.52 
+162 
.55 
+145 
.57 
+132 


20 
.48 
-137 
.49 
-173 
.53 
+160 
.56 
+145 
.58 
+131 


1.0 
.87 
-45 
.71 
-94 
.60 
-148 
.60 
+179 
.63 
+156 


2.5 
.77 
-58 
.60 
-114 
.52 
-164 
.55 
+168 
.57 
+148 


5.0 
.66 
-75 
.52 
-132 
.48 
-177 
.52 
+159 
.54 
♦142 
6 Volt* 
10 
.53 
-101 
.46 
-151 
.47 
+171 
.50 
+152 
.53 
+137 


15 
.47 
-115 
.45 
-162 
.47 
+166 
.51 
+148 
.53 
+135 


20 
.46 
-125 
.45 
-167 
.48 
+163 
.52 
+147 
.54 
+134 


1.0 
.88 
-43 
.72 
-91 
.60 
-145 
.60 
-178 
.63 
+158 


2.5 
.79 
-55 
.60 
-109 
.52 
-160 
.54 
+170 
.57 
+150 


5.0 
.68 
-70 
.50 
-130 
.47 
-175 
.50 
+160 
.53 
+143 
10 Volt* 
10 
.55 
-93 
.45 
-147 
.45 
+173 
.48 
+154 
.52 
+138 


15 
.50 
-107 
.43 
-158 
.44 
+168 
.49 
+151 
.52 
+136 


20 
.47 
-116 
.43 
-163 
.45 
+166 
.49 
+150 
.52 
+136 
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TABLE II-S2i 


FREQUENCY (MHz) 
200 
500 
1000 
1500 
2000 
vcc 
•c 
IS2H 
LO 
IS2ll 
LO 
IS21I 
LO 
IS21I 
LO 
IS21I 
LO 
1.0mA 
4.2 
+140 
2.7 
+104 
1.4 
+73 
.96 
+52 
.77 
+39 
2.5 
7.2 
+130 
3.9 
+98 
2.1 
+73 
1.4 
+55 
1.1 
+42 


1 Volt 
5.0 
9.9 
t121 
4.8 
♦92 
2.6 
+72 
1.8 
+57 
1.4 
+44 
10 
12.0 
+109 
5.2 
+87 
2.8 
+70 
1.9 
+57 
1.5 
+44 
15 
11.4 
+103 
4.9 
+84 
2.7 
+68 
1.8 
+55 
1.4 
+42 
20 
6.3 
+96 
2.6 
+81 
1.9 
+65 
1.3 
+52 
1.0 
+41 


1.0 
4.5 
+144 
3.0 
♦110 
1.5 
+78 
1.0 
+56 
.82 
+43 
2.5 
7.8 
+136 
4.5 
♦103 
2.5 
+76 
1.7 
+58 
1.3 
+45 


3 Volts 
5.0 
11.2 
+127 
5.7 
+97 
3.0 
+74 
2.0 
+58 
1.6 
+45 
10 
14.9 
+116 
6.8 
+91 
3.4 
+72 
2.3 
+58 
1.8 
+45 
15 
16 
+111 
7.0 
♦88 
3.6 
+70 
2.4 
+57 
1.8 
+45 
20 
16.4 
+108 
7.0 
+87 
3.5 
+69 
2.4 
+56 
1.8 
+44 


1.0 
4.5 
+ 146 
3.1 
+113 
1.8 
+81 
1.2 
+60 
.96 
+46 
2.5 
7.8 
+139 
4.8 
+106 
2.7 
+78 
1.8 
+60 
1.4 
+46 


6 Volts 
5.0 
11.6 
+130 
6.2 
+99 
3.3 
+75 
2.2 
+60 
1.7 
+47 
10 
15.9 
+120 
7.5 
+92 
3.8 
+73 
2.5 
+59 
1.9 
+47 
15 
17.2 
+114 
7.7 
+90 
4.0 
+71 
2.6 
+58 
2.0 
+46 
20 
17.7 
+110 
7.8 
+88 
4.0 
+70 
2.6 
+57 
2.0 
+45 


1.0 
4.5 
+147 
3.2 
+114 
1.8 
+82 
1.2 
+61 
.96 
+47 
2.5 
7.8 
+140 
4.9 
+107 
2.7 
+79 
1.8 
+61 
1.4 
+47 


10 Votts 
5.0 
11.7 
+132 
6.4 
+100 
3.5 
+75 
23 
+60 
1.8 
+48 
10 
15.9 
+121 
7.6 
+93 
4.0 
+73 
2.6 
+58 
2.0 
♦47 
15 
17.4 
+115 
8.0 
+90 
4.0 
♦71 
2.7 
+57 
2.0 
+46 
20 
17.8 
+112 
8.0 
+88 
4.0 
+70 
2.6 
+56 
2.0 
+45 


TABLE III •-S12 


FREQUENCY (MHz) 
200 
600 
1000 
1600 
2000 


VCC 
'c 
IS«I 
L0 
IS12I 
LO 
IS12I 
LO 
IS12! 
L0 
IS«I 
L0 
1.0mA 
.09 
+57 
.14 
+32 
.15 
+17 
.15 
+13 
.13 
+21 
2.5 
.08 
+49 
.10 
+32 
.12 
+27 
.13 
+32 
.14 
+40 


IVoft 
5.0 
.08 
+43 
.08 
+35 
.10 
+42 
.13 
+48 
.16 
+51 
10 
.05 
+42 
.06 
♦45 
.09 
+54 
.13 
+57 
.17 
+57 
IS 
.04 
+43 
.06 
+60 
.09 
+60 
.13 
+60 
.18 
+60 
20 
.03 
+41 
.05 
♦55 
.09 
+63 
.14 
+64 
.18 
+62 
1.0 
.06 
+61 
.10 
+37 
.13 
+21 
.12 
+20 
.10 
+31 
2.5 
.06 
+57 
.08 
+36 
.09 
+33 
.10 
+40 
.12 
+49 


3 Votts 
5.0 
.05 
+51 
.07 
+39 
.08 
+45 
.11 
+52 
.14 
+56 
10 
.04 
+49 
.05 
+49 
.08 
♦56 
.11 
+61 
.15 
+61 
15 
.03 
+49 
.05 
+55 
.08 
+62 
.12 
+64 
.15 
+64 
20 
.03 
+52 
.04 
+59 
.08 
+65 
.12 
+65 
.15 
+65 


1.0 
.05 
+63 
.09 
+40 
.10 
+26 
.09 
+29 
.09 
+43 
2.5 
.05 
+59 
.07 
+39 
.08 
+37 
.09 
+45 
.11 
+55 


6 Volts 
5.0 
.04 
+55 
.05 
+42 
.07 
+48 
.09 
+56 
.12 
+62 
10 
.03 
+50 
.04 
+51 
.07 
+58 
.10 
+64 
.13 
+66 
15 
.02 
+53 
.04 
+65 
.07 
+64 
.10 
+67 
.13 
+68 
20 
.03 
+54 
.04 
+60 
.07 
+66 
.10 
+69 
.13 
+69 


1.0 
.05 
+65 
.08 
+41 
.09 
+28 
.08 
+32 
.08 
+48 
2.5 
.04 
+59 
.06 
+42 
.07 
+38 
.08 
+48 
.09 
+59 


10 Votts 
5.0 
.03 
+67 
.05 
+44 
.07 
+51 
.08 
+60 
.11 
+65 
10 
.03 
+54 
.04 
+61 
.06 
+60 
.09 
+66 
.12 
+69 
15 
.03 
+52 
.04 
+55 
.06 
+64 
.09 
+68 
.12 
+70 
20 
.02 
+54 
.03 
+59 
.06 
+66 
.09 
+69 
.12 
+71 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
I 


Collector-Emitter Voltage 
VCEO 
15 
Vdc 
Collector-Base Voltage 
Vcbo 
25 
Vdc 
' 
Emitter-Base Voltage 
vebo 
3.0 
Vdc 
i 


Collector Current — Continuous 
'c 
30 
mAdc 
Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 
pd 
0.2 
1.14 
Watt 
mW/°C 


Storage Temperature 
Tsta 
-65 to +200 
"C 


ELECTRICAL CHARACTERISTICS (Ta " 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
15 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc. Ie = 0) 
v(BR)CBO 
25 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 15 Vdc. Ie = 0) 
'CBO 
— 
— 
50 
nAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC ° 5.0 mAdc, Vce ° 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


hFE 
30 
200 


Current-Gain — Bandwidth Product 
(lC = 15 mAdc. Vce = 10 Vdc, f = 1.0 GHz) 
fr 
— 
4.0 
- 
GHz 


Collector-Base Capacitance 
(Vcb a 10 vdc, iE = o, f = i.o mhz) 
Ccb 
— 
— 
1.0 
pF 


Noise Rgure 
(lC = 5.0 mAdc, Vce = 6.0 Vdc, f = 450 MHz) 
dC = 5.0 mAdc, Vce = 6.0 Vdc, f = 1.0 GHz) 


NF 


- 
1.5 
2.5 


- 


dB 


FUNCTIONAL TEST 


Maximum Available PowerO) 
(lC = 5.0 mAdc, Vce = 6.0 Vdc, f = 450 MHz) 
(lC = 5.0 mAdc, Vce = 6.0 Vdc, f = 1.0 GHz) 


Gmax 


- 
16 
10 


- 
dB 


<1,G™* =(1HS11|2H1-|S22I2> 
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FIGURE 1 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 3 - COLLECTOR-BASE CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 
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FIGURE 5 - CURRENT-GAIN - 
BANDWIDTH PRODUCT versus 
COLLECTOR 
CURRENT 
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FIGURE 2 - NOISE FIGURE versus COLLECTOR CURRENT 
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FIGURE 4 - UNILATERALIZED GAIN (Gmax* ver*us 
FREQUENCY 
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I. FREQUENCY (GHi) 


FIGURE 6 - INTERMODULATION DISTORTION versus 
COLLECTOR CURRENT 
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TABLE 1 -Sn PARAMETERS 
Frequency (MHz) 


100 
200 
500 
800 
1000 
vcc 
(Volts) 
'C 
(mA) 
S11 
LO 
S11 
LO 
S11 
LO 
S11 
LO 
511 
LO 
1.0 
1.0 
0541 
-22 
0.85 
-43 
057 
-91 
0.37 
-128 
050 
-151 
2.5 
0.85 
-31 
0.67 
-57 
0.35 
-102 
0.20 
-136 
0.14 
-157 
5.0 
0.69 
-44 
0.46 
-71 
0.21 
-109 
0.10 
-144 
0.069 
-166 
10 
0.45 
-67 
0.28 
-94 
0.13 
-136 
0.087 
172 
0.075 
145 
15 
0.37 
-110 
0.31 
-145 
0.26 
170 
0.27 
139 
0.27 
122 
30 
0.71 
-178 
0.71 
169 
0.68 
144 
058 
121 
0.65 
107 
3.0 
1.0 
0.94 
-19 
0.87 
-37 
0.61 
-80 
0.39 
-114 
050 
-134 
2.5 
OSl 
-26 
0.71 
-47 
059 
-84 
0.21 
-106 
0.15 
-115 
5.0 
0.74 
-34 
0.52 
-55 
0.25 
-77 
0.13 
-52 
0.109 
-79 
10 
0.55 
-42 
0.35 
-58 
0.18 
-66 
0.11 
-60 
0.105 
-55 
15 
0.46 
-46 
0.28 
-59 
0.15 
-64 
0.096 
-55 
0.092 
-49 
30 
0.28 
-95 
0.21 
-134 
0.16 
175 
0.17 
135 
0.17 
116 
6.0 
1.0 
0.95 
-18 
058 
-35 
0.63 
-76 
0.40 
-108 
050 
-126 
2.5 
0.89 
-23 
0.74 
-43 
0.42 
-77 
0.23 
^94 
0.17 
-100 
5.0 
0.77 
-31 
0.56 
-49 
0.29 
-67 
0.18 
-69 
0.15 
-66 
10 
0.61 
-37 
0.40 
-50 
0.23 
-55 
0.16 
-51 
0.16 
-50 
15 
0.52 
-40 
0.34 
-51 
0.20 
-52 
0.15 
-47 
0.15 
^17 
30 
0.36 
-55 
0.21 
-70 
0.098 
-77 
0.037 
-59 
0.033 
-27 
10 
1.0 
0.96 
-17 
0.89 
-33 
0.65 
-73 
0.41 
-103 
051 
-121 
2.5 
0.89 
-22 
0.76 
-41 
0.44 
-73 
0.25 
-88 
0.18 
-83 
5.0 
0.79 
-28 
0.59 
-46 
0.32 
-63 
0.20 
-65 
0.18 
•63 
10 
0.64 
-34 
0.44 
-47 
0.26 
-52 
0.19 
-49 
0.18 
-49 
15 
0.57 
-37 
0.38 
-48 
0.23 
-49 
0.18 
-46 
0.17 
-46 
30 
0.41 
-51 
0.24 
-64 
0.12 
-67 
0.061 
-52 
0.055 
-36 


TABLE 2 - S21 PARAMETERS 
Frequency (MHz). 


100 
200 
500 
800 
1000 
vcc 
(Volts) 
ic 
(mA) 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
lO 
S21 
LO 
1.0 
1.0 
552 
156 
3.06 
137 
2.22 
97 
1.65 
70 
1.44 
56 
2.5 
6.79 
146 
5.57 
124 
3.15 
86 
2.14 
64 
151 
52 
5.0 
10.97 
133 
7.60 
110 
3.62 
79 
2.38 
61 
2.00 
49 
10 
13.16 
118 
8.07 
99 
350 
74 
255 
57 
1.96 
46 
15 
954 
108 
5.66 
91 
2.44 
67 
153 
49 
158 
38 
30 
1.65 
83 
0.88 
69 
0.47 
46 
0.43 
37 
0.45 
31 
3.0 
1.0 
353 
159 
3.11 
142 
256 
103 
1.79 
76 
1.55 
62 
2.5 
659 
150 
555 
129 
3.48 
92 
2.38 
70 
2.00 
58 
5.0 
11.49 
138 
854 
115 
4.12 
84 
2.70 
66 
2.25 
55 
10 
15.71 
125 
9.82 
104 
459 
79 
2.85 
63 
254 
53 
15 
1657 
119 
10.05 
100 
459 
77 
2.83 
61 
254 
52 
30 
1256 
108 
7.02 
92 
258 
70 
1.94 
54 
1.61 
44 
6.0 
1.0 
3.31 
160 
3.10 
144 
2.41 
106 
153 
79 
1.60 
65 
2.5 
6.80 
151 
555 
131 
3.60 
94 
2.46 
77 
2.07 
60 
5.0 
11.44 
140 
8.54 
117 
4.28 
86 
253 
68 
253 
57 
10 
15.85 
127 
10.14 
107 
451 
81 
2.96 
65 
2.46 
55 
15 
17.20 
122 
10.47 
102 
4.60 
79 
2.96 
63 
2.45 
54 
30 
1657 
113 
958 
96 
4.00 
75 
2.58 
59 
2.14 
49 


10 
1.0 
3.25 
160 
3.08 
145 
2.40 
108 
153 
81 
1.61 
67 
2.5 
6.73 
152 
555 
132 
3.63 
96 
2.50 
74 
2.10 
62 
5.0 
11.19 
142 
8.49 
119 
454 
88 
2.85 
69 
257 
59 
10 
15.59 
129 
10.16 
108 
4.66 
82 
3.00 
66 
2.47 
56 
15 
17.04 
124 
10.49 
104 
4.65 
80 
2.99 
64 
2.47 
55 
30 
16.18 
115 
9.38 
98 
4.03 
96 
2.60 
60 
2.14 
50 
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TABLE 3 - S12 PARAMETERS 


Frequency (MHz) 


100 
200 
500 
800 
1000 
Vcc 
(Volts) 
•c 
ImA) 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 


1.0 
1.0 
0.054 
73 
0.097 
61 
0.159 
41 
0.184 
36 
0.194 
37 


2.5 
0.051 
69 
0.084 
58 
0.140 
50 
0.189 
48 
0.220 
46 


5.0 
0.046 
65 
0.072 
60 
0.137 
58 
0.201 
53 
0.239 
50 


10 
0.041 
64 
0.067 
64 
0.142 
62 
0.215 
56 
0.256 
51 


15 
0.043 
61 
0.070 
63 
0.152 
62 
0.230 
55 
0.277 
SO 


30 
0.058 
50 
0.093 
58 
0.209 
57 
0.311 
46 
0572 
39 


3.0 
1.0 
0.039 
75 
0.072 
65 
0.123 
46 
0.143 
, 
42 
0.151 
44 


25 
0.037 
72 
0.063 
62 
0.110 
54 
0.150 
53 
0.174 
52 


5.0 
0.033 
70 
0.055 
64 
0.108 
62 
0.160 
58 
0.190 
55 


10 
0.030 
70 
0.050 
68 
0.109 
67 
0.165 
61 
0.199 
57 


15 
0.028 
70 
0.049 
70 
0.109 
68 
0.167 
62 
0.200 
57 


30 
0.026 
68 
0.046 
70 
0.105 
69 
0.165 
64 
0.200 
61 


6.0 
1.0 
0.032 
76 
0.060 
66 
0.106 
49 
0.123 
45 
0.131 
48 


2.5 
0.031 
73 
0.054 
64 
0.095 
57 
0.130 
56 
0.151 
55 


5.0 
0.028 
71 
0.048 
66 
0.094 
64 
0.139 
61 
0.165 
58 


10 
0.026 
71 
0.043 
69 
0.094 
68 
0.144 
63 
0.172 
59 


15 
0.024 
71 
0.042 
71 
0.093 
69 
0.144 
64 
0.172 
60 


30 
0.021 
71 
0.037 
72 
0.086 
71 
0.134 
67 
0.162 
63 


10 
1.0 
0.028 
77 
0.053 
68 
0.095 
50 
0.109 
47 
0.116 
50 


2.5 
0.027 
74 
0.048 
65 
0.085 
58 
0.116 
57 
0.134 
57 


5.0 
0.025 
73 
0.043 
67 
0.084 
64 
0.125 
62 
0.148 
60 


10 
0.023 
72 
0.037 
69 
0.084 
69 
0.128 
64 
0.153 
61 


15 
0.022 
73 
0.037 
70 
0.084 
69 
0.128 
65 
0.152 
62 


30 
0519 
72 
0.033 
72 
0.076 
72 
0.119 
68 
0.143 
66 


TABLE 4 - S22 PARAMETERS 


Frequency (MHz) 


100 
200 
SOO 
800 
1000 
vCc 
(Volts) 
'C 
(mA) 
S22 
LO 
S22 
LO 
S22 
L0 
S22 
L0 
S22 
L0 


1.0 
1.0 
0566 
-12 
0593 
-23 
0.693 
-Ay 
0.612 
-53 
0.594 
-59 


2.5 
0501 
-18 
0.760 
-29 
0.548 
-42 
0.498 
-51 
0.494 
-56 


5.0 
0.793 
-24 
0.619 
-32 
0.456 
-39 
0.429 
-49 
0.439 
-54 


10 
0.635 
-29 
0.486 
-32 
0.390 
-36 
0.377 
-47 
0.389 
-53 


15 
0.453 
-29 
0.364 
-29 
0.313 
-34 
0.309 
-48 
0.321 
-14 


30 
0.048 
-78 
0.035 
-88 
0.032 
-135 
0.031 
-162 
0.007 
-167 


3.0 
1.0 
0576 
-9.0 
0.926 
-18 
0.770 
-35 
0.702 
-46 
0.683 
-51 


2.5 
0.935 
-13 
0.828 
-23 
0.648 
-35 
0.608 
-43 
0.608 
-48 


5.0 
0.853 
-18 
0.712 
-25 
0.577 
-32 
0.555 
-41 
0.565 
-46 


10 
0.758 
-20 
0.629 
-23 
0.539 
-29 
0.529 
-39 
0.544 
-44 


15 
0.711 
-20 
0.601 
-22 
0.533 
-27 
0.526 
-38 
0.540 
•44 


30 
0.631 
-15 
0.576 
-16 
0.548 
-25 
0.546 
-38 
0.558 
-45 


6.0 
1.0 
0.982 
-8.0 
0.939 
-16 
0.803 
-31 
0.742 
42 
0.734 
-47 


2.5 
0.947 
-11 
0561 
-20 
0.699 
-31 
0.662 
-40 
0.660 
^15 


5.0 
0.882 
-15 
0.759 
-21 
0.633 
-29 
0.617 
-31 
0.627 
-43 


10 
0501 
-17 
0584 
-20 
0.607 
-26 
0.601 
-35 
0.610 
-41 


15 
0.769 
-17 
0.667 
-19 
0.602 
-25 
0.601 
-35 
0.607 
-40 


30 
0.737 
-14 
0.672 
-15 
0.640 
-22 
0.641 
-33 
0.655 
-40 


10 
1.0 
0583 
-7.0 
0.949 
-14 
0.830 
-29 
0.774 
-39 
0.765 
-40 


2.5 
0.954 
-10 
0.880 
-18 
0.733 
-29 
0.698 
-37 
0.702 
-42 


5.0 
0501 
-13 
0.793 
-19 
0.676 
-27 
0.659 
-35 
0.668 
-41 


10 
0534 
-15 
0.725 
-18 
0.646 
-24 
0.646 
-03 
0.658 
-39 


15 
0.802 
-15 
0.706 
-17 
0.645 
-23 
0.648 
-33 
0.661 
-39 


30 
0.776 
-13 
0.712 
-14 
0.678 
-22 
0.686 
-32 
0.699 
-38 
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CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


RF OSCILLATOR TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
20 
Vdc 


Collector-Base Voltage 
Vcbo 
35 
Vdc 


Emitter-Base Voltage 
Vebo 
3.5 
Vdc 


Collector Current — Continuous 
»c 
150 
mAdc 


Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 
pd 
2.5 
40 
Watts 
mWVC 


Storage Temperature 
T8tP 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
J 


Thermal Resistance, Junction to Case 
RflJC 
25 
'CAN 
j 


ELECTRICALCHARACTERISTICS (Ta = 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
Min 
I 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 10 mAdc, Ib = 0) 
V(BR)CEO 
20 
30 
- 
Vdc 


Collector-Base Breakdown Voltage 
(lC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
35 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.5 
5.0 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 20 Vdc. Ie = 0) 
'CBO 
— 
— 
0.1 
mAdc 


ON CHARACTERiSTICS 


DC Current Gain 
dC = 100 mAdc, VCe = 10 Vdc) 
hFE 
20 
60 
150 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 100 mAdc, Vce = 10 Vdc. f = 200 MHz) 
fT 
— 
2500 
— 
MHz 


Output Capacitance 
(Vcb ° 20 vdc, ig = o, f = 1.0 mhz) 
Cobo 
— 
3.0 
5.0 
PF 


FUNCTIONAL TEST 


Common-Collector Oscillator Output Power (Figure 1) 
(Ve *» -20 Vdc, Ie a 110 mAdc, f a 1.68 GHz) 
pout 
400 
500 
— 
mW 
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FIGURE 1-1.68 GHz OSCILLATOR TEST CIRCUIT SCHEMATIC 


n 
o 


C7 


C1.C6 
I.OjiF, 35 Vdc TANTALUM 
C2.C5 
0.1 ftF Ceramic Disk 
C3.C4 
680 pF Feedthru 
C7.C8 
0.4-6.0 pF JOHANSON 


O 
Output 


R1 
47 Ohms. 1/4 Watt 
R2 
610 Ohms, 1/4 Watt 
R3 
1.5 kO. 1/4 Watt 
L1.L2 
5 Turns, #22 AWG. 0.126" I.O. 
L3 
#20 AWG, 0.4" L«nBth. 
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CASE 317-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
UnH 
Collector-Emitter Voltage 
VCEO 
12 
Vdc 
Collector-Base Voltage 
vcbo 
20 
Vdc 
Emitter-Base Voltage 
Vebo 
3.0 
Vdc 


Collector Current — Peak 
"c 
40 
mAdc 
Total DeviceDissipation @ T|_ = 50°C 
Derate above 50°C 
pd 
400 
4.0 
mW 
mW/°C 
Storage Temperature 
Tsta 
-65 to +150 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 
J 


Thermal Resistance, Junction to Lead 
R&JL 
250 
°CAV 
( 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
12 
- 
- 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 
v(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 16 Vdc, Ie = 0) 
'CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 30 mAdc, Vce = 10 Vdc) 
hFE 
30 
— 
200 
- 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
fT 
— 
5.0 
- 
GHz 


Collector-Base Capacitance 
(Vcb = io vdc, i£ = o, f = 1.0 mhz) 
Ccb 
— 
0.6 
1.0 
PF 


FUNCTIONAL TEST 


Noise Figure 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 2.0 GHz) 


Power Gain at Optimum Noise Figure 
dC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
dC = 5.0 mAdc, Vce " 10 Vdc. f ° 2.0 GHz) 


Maximum Available Power Gain(1) 
dC = 30 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
dC " 30 mAdc, Vce ° 10 Vdc, f = 2.0 GHz) 


CHQmax -„ _|Sl1|lf(i -ISaal^) 
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2.5 
4.0 


10 
6.0 


12.5 
7.5 


dB 


dB 


dB 
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FIGURE 1 - 
POWER DERATING 


bUU 


400 


300 


200 


100 


0 
50 
100 
TL.LEAD TEMPERATURE CO 


FIGURE 2 - 
POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 
FIGURE 3 - 
POWER GAIN AND NOISE FIGURE 
versus COLLECTOR CURRENT 


vci •10 Vdc 


s 
V ^ 
s 
V 
s 
s ^ Oraix 30 mA 
s,^ 
( BU.5.OmA^s^ 


—• 


V 


6.0 g 
< 
« 


3.0 
4.0 
5.0 


I. FREQUENCY (GHtl 


VCE- ov 


- 1 • 1.0 BHi '-• 


Omn 


NF 


30 
i 
IC.COLLECTOR CURRENT (mAI 


FIGURE 4-Sn PARAMETERS 


Frequency (MHz) 
500 
1000 
1500 
2000 


vCe 
'C 
(Volts) 
(mAI 
S11 
LO 
S11 
LO 
S11 
LO 
S11 
LO 


5.0 
2.0 
0.66 
-125 
0.64 
-175 
0.68 
160 
0.73 
140 


5.0 
0.57 
-150 
0.58 
170 
0.62 
150 
0.66 
135 


10 
0.54 
-165 
0.57 
160 
0.60 
145 
0.64 
130 


20 
0.54 
-180 
0.57 
155 
0.60 
140 
0.64 
125 


30 
0.54 
175 
0.57 
155 
0.61 
140 
0.65 
125 


10 
2.0 
0.66 
-120 
0.63 
-170 
0.67 
160 
0.71 
140 


5.0 
0.56 
-145 
0.56 
175 
0.60 
150 
0.64 
135 


10 
0.51 
-160 
0.53 
165 
0.57 
145 
0.61 
130 


20 
0.49 
-175 
0.52 
160 
0.57 
145 
0.60 
130 


30 
0.49 
-175 
0.53 
160 
0.57 
145 
0.61 
130 
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FIGURE 5 - S22 PARAMETERS 


Frequency (MHz) 
500 
1000 
1500 
2000 
vce 
(Volts) 
"c 
(mA) 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 


5.0 
2.0 
5.0 
10 
20 
30 


0.61 
0.40 
0.27 
0.19 
0.16 


-45 
-55 
-60 
-70 
-70 


0.50 
0.31 
0.20 
0.13 
0.11 


-60 
-65 
-70 
-75 
-75 


0.48 
0.30 
0.20 
0.14 
0.13 


-80 
-85 
-90 
-95 
•95 


0.50 
0.32 
0.23 
0.17 
0.16 


-100 
-100 
-105 
-110 
-110 


10 
2.0 
5.0 
10 
20 
30 


0.66 
0.47 
0.35 
0.26 
0.25 


-35 
-45 
•45 
-45 
-40 


0.55 
0.38 
0.28 
0.22 
0.21 


-50 
-SO 
-50 
-50 
-45 


0.53 
0.37 
0.27 
0.22 
0.22 


-70 
-70 
-65 
-65 
•60 


0.54 
0.38 
0.29 
0.24 
0.24 


-90 
-75 
-85 
•80 
-80 


FIGURE6 - S21 PARAMETERS 


Frequency (MHz) 
500 
1000 
1500 
2000 
vce 
"c 
(Volts) 
(mA) 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
L0 


S.O 
2.0 
3.24 
100 
1.84 
70 
1.23 
50 
0.96 
35 
5.0 
4.85 
90 
2.60 
70 
1.76 
50 
1.38 
40 
10 
5.78 
85 
3.04 
70 
2.05 
50 
1.61 
40 
20 
6.40 
85 
3.30 
65 
2.23 
50 
1.24 
40 
30 
6.47 
80 
3.35 
65 
2.26 
50 
1.76 
40 


10 
2.0 
3.42 
100 
1.95 
70 
1.31 
SO 
1.01 
35 
5.0 
5.20 
95 
2.80 
70 
1.89 
50 
1.45 
40 
10 
6.22 
90 
3.28 
70 
2.20 
55 
1.71 
40 
20 
6.82 
85 
3.55 
65 
2.37 
55 
1.84 
40 
30 
6.90 
85 
3.55 
65 
2.36 
50 
1.81 
40 


FIGURE 7 -Su PARAMETERS 


Frequency (MHz) 
SOO 
1000 
1500 
2000 
vce 
'c 
(Volts) 
(mA) 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 


5.0 
2.0 
0.11 
30 
0.12 
25 
0.11 
35 
0.13 
50 


5.0 
0.08 
40 
0.10 
45 
0.13 
55 
0.17 
55 


10 
0.07 
50 
0.10 
55 
0.14 
60 
0.19 
60 


20 
0.06 
60 
0.11 
65 
0.15 
65 
0.20 
60 


30 
0.06 
65 
0.11 
65 
0.15 
65 
0.20 
60 


10 
2.0 
0.10 
35 
0.10 
30 
0.10 
40 
0.12 
55 


5.0 
0.07 
40 
0.09 
45 
0.12 
55 
0.15 
60 


10 
0.06 
50 
0.09 
55 
0.13 
60 
0.17 
60 


20 
0.06 
60 
0.10 
65 
0.13 
65 
0.18 
60 


30 
0.06 
60 
0.10 
65 
0.14 
65 
0.18 
65 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
vcbo 
20 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Peak 
ic 
50 
mAdc 


Total Device Dissipation @ Tc = 75*C 
Derate above 75'C 
pd 
500 
4.0 
mW 
mwrc 


Storage Temperature 
Tsta 
-65 to +200 
•c 


THERMAL CHARACTERISTICS 
| 
Characteristic 
Symbol 
Max 
UnH 
| Thermal Resistance, Junction toCase 
R&ic 
250 
'CAN 


ELECTRICALCHARACTERISTICS (TA ° 2S'C unless otherwise noted.) 


MRF912 


CASE 303-01, STYLE 1 


HIGH FREQUENCY TRANSISTOR 


NPN StLICON 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAdc. Ib = 0) 
V(BR)CEO 
12 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc.lE = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE <= 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 16 Vdc, Ie •= 0) 
"CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 30 mAdc, Vce = 10 Vdc) 
hFE 
30 
— 
I 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
tT 
— 
5.0 
— 
GHz 


Collector-Base Capacitance 
(Vcb = io vdc, Ie = o, f = 1.0 mhz) 
Ccb 
— 
0.6 
1.0 
PF 


FUNCTIONAL TEST 


Noise Figure 
(lC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
(lC => 5.0 mAdc, Vce = 10 Vdc,f = 2.0 GHz) 


NF 


- 
2.5 
4.0 
3.0 
dB 


Power Gain at Optimum Noise Figure 
(lC =• 5.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
dC - 6.0 mAdc, Vce = 10 Vdc, f = 2.0 GHz) 


GNF 


- 
12 
7.0 


- 


dB 


Maximum Available Power Gaind) 
dC = 30 mAdc, Vce = 10 Vdc, f - 1.0 GHz) 
(lC = 30 mAdc, Vce = 10 Vdc, f = 2.0 GHz) 


Gmax 
14 
16.5 
11.0 


- 


dB 


<1.Gmax =(1_|sJ|!2lf_|S22|2) 
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EIGURE 1 - POWER DERATING 
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FIGURE 2 - POWER GAIN AND NOISE FIGURE 


versus FREQUENCY 
FIGURE 3 - 
POWER GAIN AND NOISE FIGURE 
versus COLLECTOR CURRENT 
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FIGURE 4 - Sn PARAMETERS 


Frequency (MHz) 
600 
1000 
1500 
2000 


VCE 
rvoitsi 
'c 
(mA) 
S11 
LO 
S11 
LO 
S11 
LO 
S11 
LO 


5.0 
2.0 
5.0 
10 
20 
30 
40 


SO 


0.76 
0.72 
0.71 
0.73 
0.74 
.0.74 
0.74 


-120 
-145 
-160 
-170 
-175 
-180 
180 


0.74 
0.73 
0.74 
0.75 
0.76 
0.76 
0.77 


-160 
-170 
180 
175 
170 
165 
165 


0.76 
0.75 
0.75 
0.77 
0.78 
0.79 
0.79 


-175 
175 
170 
165 
165 
155 
155 


0.79 
0.77 
0.77 
0.79 


0.81 
0.81 
0.82 


175 
165 
160 
155 
155 
145 
145 


10 
2.0 
5.0 
10 
20 
30 
40 
50 


0.77 
0.71 
0.69 
0.69 
0.70 
0.69 
0.70 


-115 
-140 
-155 
-165 
-170 
-175 
-175 


0.74 
0.72 
0.71 
0.72 
0.73 
0.72 
0.73 


-155 
-170 
-175 
175 


175 
165 
165 


0.76 
0.73 
0.73 
0.74 
0.75 
0.75 
0.76 


-170 
175 
170 
165 
165 
155 
155 


0.78 
0.75 
0.75 
0.76 
0.77 
0.78 
0.80 


175 
165 
165 
160 
160 
145 
145 
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FIGURE 6 - S22 PARAMETERS 


Frequency (MHz) 
500 
1000 
1500 
2000 


Vce 
ic 
(Volts) 
(mA) 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
lO 


5.0 
2.0 
0.66 
-50 
0.57 
-70 
0.57 
-95 
0.61 
-115 
5.0 
0.45 
-65 
0.37 
-85 
0.39 
-105 
0.44 
-120 
10 
0.33 
-80 
0.27 
-100 
0.30 
-115 
0.35 
-130 
20 
0.24 
-95 
0.21 
-115 
0.24 
-125 
0.29 
-135 
30 
0.21 
-100 
0.18 
-120 
0.22 
-125 
0.28 
-135 
.40 
0.18 
-100 
0.16 
-115 
0.20 
-125 
0.27 
-135 
50 
0.17 
•95 
0.16 
-110 
0.21 
-120 
0.28 
-135 


10 
2.0 
0.71 
-45 
0.62 
-65 
0.62 
-85 
0.64 
-105 
5.0 
0.51 
-55 
0.43 
-70 
0.44 
-90 
0.48 
-105 
10 
0.37 
-60 
0.31 
-75 
0.33 
-95 
0.38 
-110 
20 
0.27 
-70 
0.23 
•80 
0.26 
-95 
0.32 
-115 
30 
0.23 
-65 
0.21 
-80 
0.25 
-95 
0.31 
-110 
40 
0.23 
-60 
0.22 
-70 
0.25 
-90 
0.32 
-110 
50 
0.24 
-50 
0.24 
-65 
0.28 
-90 
0.34 
-105 


FIGURE 6 - S21 PARAMETERS 


Frequency (MHz) 
500 
1000 
1500 
2000 


VCE 
(Volts) 
•c 
(mA) 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
LO 


5.0 
2.0 
5.0 
10 
20 
30 
40 
50 


3.52 


5.61 
6.84 
7.65 
7.93 
7.87 
7.65 


102 
95 
90 
85 
85 
80 
80 


1.97 


2.96 
3.55 
3.94 
4.02 
3.95 
336 


70 
70 
70 
65 
65 
65 
60 


1.33 
1.98 
2.35 
2.59 
2.63 
2.57 
2.48 


50 
50 
55 
50 


SO 
45 
45 


0.99 
1.50 
1.78 
1.96 
1.98 
1.92 
1.86 


35 
35 
40 
40 
40 
30 
30 


10 
2.0 
5.0 
10 
20 
30 
40 
50 


3.70 
6.09 
7.53 
8.54 
8.79 
8.58 
8.30 


105 
95 
90 
85 
85 
80 
80 


2.12 
3.24 


3.91 
4.38 
4.45 
4.32 
4.15 


75 
70 
70 
70 
65 
65 
60 


1.43 
2.17 
2.58 
2.86 
2.92 
2.80 
2.69 


50 


SO 
55 
55 
50 
45 
45 


1.07 


1.62 
1.96 
2.17 
2.17 
2.08 
1.98 


35 
35 
40 
40 
40 
30 
30 


FIGURE 7 - S12 PARAMETERS 


Frequency (MHz) 
SOO 
1000 
1500 
2000 
vce 
>C 
(Volts) 
(mA) 
S12 
L0 
S12 
LO 
S12 
L0 
S12 
L0 


5.0 
2.0 
0.11 
25 
0.11 
S.O 
0.10 
-5 
0.09 
-5 
5.0 
0.07 
25 
0.08 
15 
0.08 
15 
0.08 
15 
10 
0.05 
25 
0.06 
25 
0.07 
30 
0.08 
30 
20 
0.04 
35 
0.05 
40 
0.07 
40 
0.08 
40 
30 
0.03 
45 
0.05 
45 
0.06 
50 
0.08 
45 
40 
0.03 
50 
0.05 
50 
0.07 
50 
0.08 
50 
50 
0.03 
55 
0.05 
55 
0.06 
50 
0.08 
50 


10 
2.0 
0.09 
25 
0.10 
5.0 
0.09 
0 
0.08 
0 
5.0 
0.06 
25 
0.07 
15 
0.07 
20 
0.07 
20 
10 
0.05 
30 
0.06 
30 
0.06 
30 
0.07 
35 
20 
0.03 
40 
0.05 
40 
0.06 
45 
0.07 
40 
30 
0.03 
40 
0.05 
45 
0.06 
47 
0.07 
45 
40 
0.03 
45 
0.05 
50 
0.06 
50 
0.07 
45 
50 
0.03 
50 
0.04 
50 
0.06 
50 
0.07 
50 
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CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
12 
Vdc 


Collector-Base Voltage 
vcbo 
20 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Peak 
"c 
40 
mAdc 


Total Device Dissipation @ Ta = 75°C 
Derate above 75°C 
pd 
200 
1.6 
mW 
mWVC 


Storage Temperature 
Tstq 
-65 to +200 
X 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
RflJA 
625 
•CAV 


ELECTRICALCHARACTERISTICS (Ta ° 25°Cunless otherwise noted.) 


Characteristic 
Symbol 
MIn 
Typ 
Max 
UnH 


OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 
V(BR)CEO 
12 
— 
— 
Vdc 
I 


Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 
V(BR)CBO 
20 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
dE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
3.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = is vdc. Ie = o) 
'CBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 20 mAdc, Vce ° 10 Vdc) 
hFE 
30 
— 
200 
— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc. Vce = 10 Vdc,f = 0.5 GHz) 
tT 
— 
4.5 
— 
GHz 


Collector-Base Capacitance 
(Vcb = io vdc, iE = o. f = i.o mhz) 
Ccb 
— 
0.7 
1.0 
PF 


FUNCTIONAL TEST 


Noise Figure 
dC = 5.0 mAdc, Vce = 10Vdc,f = 0.5 GHz) 
dC = 5.0 mAdc,Vce = 10Vdc,f = 1.0 GHz) 


NF 


- 
2.0 
2.5 


- 
dB 
I 


Power Gain at Optimum Noise Figure 
dC = 5.0 mAdc, Vce = 10 Vdc.f = 0.5 GHz) 
(lC = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 


GNF 


- 
12 
7.0 


- 


dB 


Maximum Available Power Gaind) 
(lC= 20 mAdc,Vce = 10Vdc,f = 0.5 GHz) 
dC = 20 mAdc,Vce = 10 Vdc,f ° 1.0 GHz) 


Gmax 


- 
15 
10 
_ 


dB 


(DGr 
d -ISnRd -|S22F> 
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FIGURE 1 - POWER DERATING 
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FIGURE 2 - POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 


FIGURE 3 - POWER GAIN AND NOISE FIGURE 
versus COLLECTOR CURRENT 
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FIGURE 4 - Sn PARAMETERS 


Frequency (MHz) 
100 
300 
500 
700 
1000 


vce 
»C 
(Volts) 
(mA) 
S11 
L0 
S11 
LO 
S11 
LO 
S11 
LO 
S11 
L0 


5.0 
2.0 
0.84 
-36 
0.57 
•80 
0.42 
-116 
0.34 
-140 
0.27 
-166 


5.0 
0.65 
-45 
0.34 
-85 
0.23 
-115 
0.18 
-130 
0.16 
-150 


10 
0.48 
-50 
0.32 
-85 
0.14 
-105 
0.12 
-115 
0.09 
-120 


20 
0.33 
-50 
0.15 
-75 
0.10 
-80 
0.09 
-100 
0.09 
-101 
30 
0.27 
-50 
0.13 
-70 
0.09 
-85 
0.09 
-100 
0.09 
-101 


10 
2.0 
0.86 
-30 
0.59 
-75 
0.42 
-105 
0.34 
-130 
0.25 
-155 
5.0 
0.70 
-40 
0.37 
-75 
0.24 
-95 
0.18 
-110 
0.13 
-125 
10 
0.55 
•45 
0.26 
-70 
0.17 
-80 
0.14 
-90 
0.13 
-90 
20 
0.41 
•45 
0.21 
•60 
0.15 
-65 
0.13 
-75 
0.14 
-80 
30 
0.36 
-45 
0.19 
-55 
0.14 
•65 
0.13 
-75 
0.13 
-80 


SMALL-SIGNAL DEVICES 
MOTOROLA SEMICONDUCTORS 


7-229 


MRF914 


FIGURE5 - S22 PARAMETERS 


Frequency(MHz) 
100 
300 
500 
700 
1000 
vce 
(Volts) 
"C 
(mA) 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 
S22 
LO 


5.0 
2.0 


5.0 


10 


20 
30 


034 


0.85 


0.75 


0.66 


0.62 


-15 


-20 


-25 


-25 


-25 


0.77 


0.63 


0.55 


0.50 


0.49 


-25 


-30 


•25 


-25 


-25 


0.68 


0.57 


0.51 


0.47 


0.46 


-30 


-30 


-30 


-30 


-25 


0.66 


0.55 


0.50 


0.47 


0.46 


-35 


-36 


-35 


-35 


-30 


0.64 


0.55 


0.50 


0.48 


0.47 


-45 


-45 


-40 


-40 


-40 


10 
2.0 


5.0 


10 
20 


30 


OSS 


0.87 
OSO 


0.72 


0.70 


-10 


-15 


-20 


-20 


-20 


0.81 


0.69 


0.63 


0.59 


0.59 


-20 


-25 


-20 


-20 


-20 


0.74 


0.64 


0.59 


0.67 


0.57 


-30 


-25 


-25 


-23 


-20 


0.72 


0.63 


0.59 


0.57 


0.57 


-35 
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•30 


-30 


0.71 


0.63 


0.60 


0.58 


0.58 
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FIGURE 6 - S21 PARAMETERS 
Frequency (MHz) 
100 
300 
500 
700 
1000 


vce 
ic 


(Volts) 
mA 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
LO 
S21 
LO 


5.0 
2.0 
539 
ISO 
4.06 
110 
2.90 
90 
2.27 
75 
1.71 
55 


5.0 
11.38 
135 
5.91 
100 
3.90 
80 
2.93 
70 
2.17 
55 


10 
15.21 
125 
6.78 
95 
4.34 
80 
3.23 
70 
2.38 
55 
20 
17.98 
115 
7.27 
90 
4.58 
75 
3.40 
65 
2.50 
50 
30 
18.78 
110 
7.37 
85 
4.64 
75 
3.42 
65 
2.50 
50 


10 
2.0 
6.05 
150 
4.20 
115 
3.04 
90 
2.37 
75 
1.75 
55 


5.0 
11.46 
135 
6.17 
100 
4.06 
85 
3.08 
70 
2.26 
55 


10 
15.45 
127 
7.08 
95 
4.56 
80 
3.41 
70 
2.50 
55 
20 
18.35 
120 
7.57 
90 
4.80 
75 
3.58 
65 
2.61 
55 
30 
19.12 
115 
7.63 
90 
4.79 
75 
3.56 
65 
2.60 
55 


FIGURE 7- S12PARAMETERS 


Frequency (MHz) 
100 
300 
500 
700 
1000 


vce 
'C 


(Volts) 
(mA) 
S12 
LO 
S12 
LO 
S12 
LO 
S12 
LO 
SI 2 
L0 


5.0 
2.0 
0.04 
70 
0.09 
50 
0.11 
50 
0.12 
50 
0.16 
50 


5.0 
0.04 
70 
0.07 
60 
0.11 
60 
0.14 
60 
0.19 
55 


10 
0.03 
70 
0.07 
70 
0.11 
65 
0.15 
65 
0.20 
55 
20 
0.03 
75 
0.07 
70 
0.12 
70 
0.15 
65 
0.21 
55 
30 
0.03 
75 
0.07 
70 
0.12 
70 
0.16 
65 
0.21 
57 


10 
2.0 
0.03 
70 
0.07 
55 
0.09 
50 
0.10 
SO 
0.13 
55 


5.0 
0.03 
70 
0.06 
60 
0.09 
65 
0.12 
60 
0.15 
60 


10 
0.03 
70 
0.06 
65 
0.09 
65 
0.12 
65 
0.17 
60 
20 
0.03 
75 
0.06 
70 
0.09 
70 
0.13 
65 
0.18 
60 
30 
0.03 
75 
0.06 
70 
0.10 
70 
0.13 
65 
0.17 
60 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
5.0 
Vdc 


Collector-Base Voltage 
Vcbo 
10 
Vdc 


Emitter-Base Voltage 
vebo 
2.0 
Vdc 


Collector Current — Peak 
ic 
5.0 
mAdc 


Total Device Dissipation @ Ta = 100"C 
Derate above 100°C 
pd 
50 
1.0 
mW 
mW/°C 


Junction Temperature 
tj 
+ 150 
•c 


Storage Temperature 
Tsta 
-65 to +150 
"C 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Ambient 
ReJA 
500 
•c/w 


ELECTRICAL CHARACTERISTICS (TA = 25°Cunless otherwise noted.) 


MRF931 


CASE 317-01, STYLE 2 


HIGH FREQUENCY TRANSISTOR 


NPN SIUCON 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
. 
dC = 0.1 mAdc, Ib = 0) 
V(BR)CE0 
5.0 
— 
— 
Vdc 


Collector-Base Breakdown Voltage 
dc = 0.01 mAdc, Ig = 0) 
V(BR)CBO 
10 
— 
— 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, lc = 0) 
V(BR)EBO 
2.0 
— 
— 
Vdc 


Collector Cutoff Current 
(Vcb = 5.o vdc, ie •= o) 
ICBO 
— 
— 
50 
nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 025 mAdc. Vce = 10 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


"FE 
30 
150 


Current-Gain — Bandwidth Product 
(IE = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 
fr 
— 
3.0 
— 
GHz 


Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Ccb 
— 
0.35 
0.5 
PF 


FUNCTIONAL TEST 


Noise Figure 
(IE = 0.25 mAdc, Vce = 1.0 Vdc,f = 0.5 GHz) 
dE = 0.25 mAdc, Vce = 10 Vdc, f = 1.0 GHz) 


NF 


- 
3.8 
4.3 


- 


dB 


Power Gain at Optimum Noise Figure 
(lE ° 0.25 mAdc. Vce = 10 Vdc,f = 0.5 GHz) 
dE = 0.25 mAdc, Vce = 1-0Vdc, f = 1.0 GHz) 


GNF 


- 
16 
10 


- 


dB 


Transducer Power Gain 
dE = 0.5 mAdc, Vce = 10 Vdc, f = 0.5 GHz) 
(IE = 0.5 mAdc, Vce = 1-0 Vdc, f = 1.0 GHz) 


Qt 


- 
18 
12 


- 
dB 
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FIGURE 1 - 
POWER DERATING 
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FIGURE 2 - 
TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 
FIGURE 3 - TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus EMITTER CURRENT 
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MAXIMUM RATINGS 


Rating 
Symbol 
MRF966 
MRF967 
Unit 


Drain-Source Voltage 
vds 
10 
10 
Vdc 


Gate-Source Voltage — Reverse 
VG1S 
-8.0 
-8.0 
-8.0 
-8.0 
Vdc 


Gate-Source Voltage — Forward 
VG1S 
VG2S 


+ 1.0 


+ 1.0 


+ 1.0 


+ 1.0 
Vdc 


Drain Current 
id 
60 
60 
mAdc 


Total Device Dissipation 
@ TA = 25°C 
Derate above 25°C 


pd 
350 
3.5 
350 
3.5 
mW 
mWVC 


Junction Temperature Range 
tj 
-65 to 


+ 125 
-65 to 


+ 125 


°C 


Storage Channel Temperature 
Range 
Tstg 
-65 to 


+ 125 
-65 to 


+ 125 


°C 


Handling and Packaging — MES devices are susceptible to damage from electrostatic 
charge. Reasonable precautions in handling and packaging MES devices should be 
observed. 


ELECTRICAL CHARACTERISTICS (TA •= 25"Cunless otherwise noted.) 


Characteristic 
Symbol 


MRF966 


CASE 317-01, STYLE 1 


DUAL GATE 
GaAs FET 


N-CHANNEL 


MRF967 


CASE 358-01, STYLE 2 


DUAL GATE 
GaAs FET 


N-CHANNEL 


Min 
Typ 
Max 
UnH 


OFF CHARACTERiSTICS 


Drain-Source Breakdown Vottage 
(VG1S a VQ2S = -4-0 Vdc, Iq = 100 ftA) 
V(BR)DSX 
10 
— 
— 
Vdc 


Gate 1 Leakage Current 
(Vqis = "5.0 Vdc, VQ2S = VpS = 0) 
<G1SS 
— 
— 
10 
tiAdc 


Gate 2 Leakage Current 
(VG2S - -50 Vdc. Vqis = Vqs = 0) 
'G2SS 
— 
— 
10 
uAdc 


Gate 1 to Source Cutoff Voltage 
(Vos = 5.0 Vdc, VG2S = 0) 
VG1S(off) 
-2.0 
— 
-4.5 
Vdc 


Gate 2 to Source Cutoff Voltage 
(Vqs = 5.0Vdc,VGis = o) 
VG2S(off) 
-2.0 
— 
-4.5 
Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
|VDS - 5.0 Vdc, VG1S = VG2S = 0) 
loss 
30 
50 
80 
mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 5.0 Vdc, VQ2S = 0, Id = 10 mA, f = 1.0 kHz) 
lYfsl 
14 
20 
— 
mmhos 


Input Capacitance 
(Vds = 5.0Vdc, VQ2S = 0. Id = 10 mA, f = 1.0 MHz) 
Cjss 
— 
0.45 
— 
PF 


Reverse Transfer Capacitance 
(Vqs = 5.0 Vdc. VQ2S = 0. Id = 10 mA, f = 1.0 MHz) 
crsa 
— 
0.04 
— 
pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vds = 5.0Vdc, VQ2S = 0(1),IDS = 10 mA, f = 1.0GHz) 


NF 
. 
— 
1.2 
1.5 
dB 


Common Source Power Gain 
(Vds = 5.0 Vdc, VG2S = 0(1), 
MRF967 
IDS = 10 mA, f = 1.0 GHz) 
MRF966 


Gp8 
13 
15 
15 
18 


- 
dB 


Intermodulation Distortion 
(Vds = 5.0 Vdc, Ids = 10 mA, f-\ = 995 MHz, 
f2 = 1001 MHz, VQ2 = 0, Pjn = -40 dBm) 


IMD3 
-65 
dB 
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ELECTRICALCHARACTERISTICS (continued)(Ta = 25°C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Linear Power Point(2) 
(VDS = 5.0 Vdc, Ids = 10 mA, 
fi = 995 MHz,f2 = 1001 MHz,Vq2 = 0) 


PL 
— 
+ 1.0 
— 
dBm 


Output Power at 1 dB Compression Point 
(Vds = 5.0 Vdc, Ids = 10 mA, f = 1.0 GHz) 
pout 
— 
10 
— 
dBm 


(1) Datatakenusinga HP11608A 50(Itest fixture, Microlab slug tuners, HP115S0A bias networks and the HP8970A noisefiguremeter. 
Note: VQ2S = °. Refer to Figure 16. 
(2) Thelinear power point isthe output power level at which either thesignal 2f-i ± f2or 2f2 ± f1are30dB below fi or f2- 


TYPICAL CHARACTERiSTICS 
MRF966 


RGURE 1 — DRAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE 
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FIGURE 3 — COMMON SOURCE POWER GAIN 
AND NOISE FIGURE versus 
DRAIN-TO-SOURCE VOLTAGE 
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FIGURE 2 — DRAIN CURRENT versus 
GATE ONE-TO-SOURCE VOLTAGE 
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FIGURE 4 — COMMON SOURCE POWER GAIN 
AND NOISE FIGURE versus 
PERCENT-OF-DRAIN CURRENT 
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FIGURE5 — COMMON SOURCE POWER GAIN 
AND NOISE RGURE versus GATE 
ONE-TO-SOURCE VOLTAGE 


FIGURE6 — COMMON SOURCE POWER GAIN 
AND NOISE RGURE versus GATE 
CONTROL SUPPLY VOLTAGE 
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RGURE 7 — COMMON SOURCE POWER GAIN 
AND NOISE FIGURE versus 
FREQUENCY 
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RGURE 8 — MAXIMUM AVAILABLE GAIN 
AND STABILITY FACTOR 
versus FREQUENCY 


RGURE 9 — MAXIMUM AVAILABLE GAIN AND STABILITY 
FACTOR versus FREQUENCY 
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RGURE 10 — OUTPUT POWER versus 
INPUT POWER @ 500 MHz 
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RGURE 11 — OUTPUT POWER versus 
INPUT POWER @ 1.0 GHz 
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RGURE 12 — THIRD ORDER INTERMODULATION 
DISTORTION @ SOO MHz 
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RGURE 14 — THIRD ORDER INTERMODULATION 
DISTORTION @ 1.0 GHz 
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RGURE 13 — THIRD ORDER INTERMODULATION 
DISTORTION @ SOOMHz 
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RGURE 15 — THIRD ORDER INTERMODULATION 
DISTORTION @ 1.0 GHz 
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RGURE 17 — CONSTANT GAIN AND NOISE RGURE 
CONTOURSAT Vds = S.OV, Ids = 10 mA, f = 500 MHz 
(MATCHED OUTPUT) 


MRF966 


f(MHz) NFopt(dB) 
TMS NF0pt 
TML NF0pt 
Rn(fl) 
•n 
NF50n<dB) 
| 500 | 
1.0 
| 
0.76/22° 
| 
0.75/14° 
| 101.5 | 2.03 I 
4-5 
I 


RGURE 18 — CONSTANT GAIN AND NOISE RGURE 
CONTOURSAT Vqs = 5.0 V, Iqs = 10 mA, f = 1.0 GHz 
(MATCHED OUTPUT) 


f(MHz) NF0pt(dB) 
TMS NFppt 
TML NFppt 
RnlD) 
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0.74feT 
| 
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1 
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MRF966 COMMON-SOURCE S-PARAMETERS 


vds 
(Volts) 
Ids 
(mA) 


f 
(MHz) 
Sn 
S21 
S12 
S22 


Pill 
Ltft. 
fell 
L<S 
IS12I 
L* 
IS22I 
t-4> 


3.0 
5.0 
200 


500 


1000 


1500 
2000 


0.99 


0.96 


0.92 


0.84 


0.71 


-4.0 
-12 
-24 
-38 
-49 


1.10 


1.07 


1.06 


1.00 


0.96 


171 


155 


134 


112 
90 


0.002 


0.004 


0.008 


0.008 


0.006 


94 


79 


71 


70 


100 


0.96 


0.95 


0.93 


0.90 


0.86 


-3.0 
-8.0 
-17 
-26 
-34 


10 
200 
500 


1000 


1500 


- 
2000 


0.99 


0.96 


0.90 


0.81 


0.67 


-5.0 
-13 
-26 
-40 
-51 


1.31 


1.28 


1.25 


1.19 


1.08 


171 


155 
134 


112 
90 


0.002 


0.005 


0.008 


0.009 


0.008 


82 


78 


73 


72 


100 


0.95 


0.94 


0.91 


0.88 


0.84 


-3.0 
-8.0 
-17 
-27 
-35 


15 
200 
500 


1000 


1500 
2000 


0.99 


0.96 


0.90 


0.79 


0.65 


-5.0 
-14 
-27 
-42 
-53 


1.34 


1.30 


1.29 


1.23 


1.12 


170 


155 


133 


111 
88 


0.002 


0.005 


0.009 


0.009 


0.009 


92 
78 


73 
74 
98 


0.93 


0.93 


0.91 


0.87 


0.83 


-3.0 
-8.0 
-17 
-26 
-34 


20 
200 
500 


1000 


1500 


2000 


0.99 


0.96 


0.89 


0.79 


0.64 


-5.0 
-15 
-29 
-45 
-57 


1.24 


1.21 


1.20 


1.17 


1.08 


170 


154 


131 


108 
84 


0.002 


0.006 


0.010 


0.011 


0.012 


95 


80 
74 


74 
94 


0.91 


0.90 


0.88 


0.85 


0.83 


-3.0 


-8.0 
-17 
-26 
-33 


S.O 
5.0 
200 
SOO 


1000 
1500 


2000 


0.99 


0.98 


0.90 


0.81 


0.68 


-5.0 
-13 
-27 
-40 
-51 


1.33 


1.29 


1.25 


1.19 


1.00 


170 


156 


132 


112 
94 


0.001 


0.004 


0.006 


0.005 


0.006 


84 
70 
78 
73 


115 


0.97 


0.97 


0.95 


0.91 


0.88 


-3.0 


-9.0 
-17 
-25 
-35 


10 
200 


500 
1000 


1500 


2000 


0.99 


0.97 


0.89 


0.78 


0.65 


-5.0 
-14 
-28 
-41 
-52 


1.66 


1.63 


1.56 


1.47 


1.23 


170 


156 


132 


112 


94 


0.001 
0.004 


0.006 


0.005 


0.007 
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80 
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0.97 


0.96 
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0.90 
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-3.0 
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200 
500 


100 
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2000 


0.99 


0.97 


0.89 


0.77 


0.63 


-5.0 
-14 
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-52 


1.84 


1.80 


1.71 


1.61 
1.34 
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RGURE 19 — CONSTANT GAIN AND NOISE RGURE 
CONTOURSAT VDs = 5.0 V, Ids = 10 mA, f = 500 MHz 
(MATCHED OUTPUT) 


MRFS67 


f(MHz) 
NF0Dt(dB) 
TMS NFppt 
TML NFppt 
Rn(O) 
rn 
NF50nWB) 
| 500 | 
1.0 
0.81/16° 
0.76/21° 
63 
1.26 1 
3.6 
| 


RGURE 20 — CONSTANT GAIN AND NOISE RGURE 
CONTOURS AT VDS = S.OV. IDS = 10 mA, f = 1.0 GHz 
(MATCHED OUTPUT) 


f(MHz) 
NFpp,(dB) 
TMS NFpp, 
TML NFppt 
Rn(fl) 
•n 
NF50n(dB) 
| 1000 | 
1.2 
0.84/26° 
0.82/17° 
88.5 
1.77 I 
4.6 
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MRF967 COMMON-SOURCE S-PARAMETERS 


vds 
(Volts) 
ids 
ImA) 


f 
(MHz) 
Sl1 
S21 
S« 
S22 


ISllI 
±<b 
fell 
L* 
ISttl 
Ltb 
feal 
Ltb 


3.0 
5.0 
200 


500 


1000 
1500 


2000 


0.99 


0.97 


0.92 


0.86 


0.78 


-5 
-14 
-27 
-40 
-52 


1.19 


1.16 


1.11 


1.03 


0.96 


170 


155 


131 


111 


91 


0.005 


0.016 


0.030 


0.040 


0.048 


77 


73 


65 


54 
45 


0.96 


0.94 


0.93 


0.87 


0.83 


-4 
-11 
-21 
-31 
-43 


10 
200 


SOO 


1000 


1500 


2000 


0.99 


0.97 


0.91 


0.84 


0.75 


-5 
-15 
-29 
-43 
-56 


1.47 


1.43 


1.39 


1.29 


1.19 


170 


155 


131 


111 


90 


0.006 


0.016 


0.031 


0.040 


0.047 


81 


73 


65 


54 
45 


0.95 


0.93 


0.92 


0.86 


0.81 


-4 
-11 
-21 
-31 
-44 


IS 
200 


500 


1000 


1500 


2000 


1.00 


0.97 


0.89 


0.83 


0.73 


-6 
-16 
-31 
-46 
-59 


1.50 


1.46 


1.42 


1.33 


1.24 


170 


155 


131 


110 


89 


0.006 


0.016 


0.031 


0.040 


0.048 


82 
74 


64 


53 


45 


0.93 


0.91 


0.90 


0.84 


0.79 


-4 
-11 
-21 
-31 
-43 


20 
200 


500 


1000 
1500 


2000 


1.00 


0.97 


0.89 


0.82 


0.73 


-6 
-17 
-33 
-49 
-63 


1.33 


1.30 


1.27 


1.21 


1.14 


170 


154 


129 


108 
86 


0.007 


0.017 


0.033 


0.043 


0.050 


78 


73 
64 


53 
44 


0.90 


0.88 


0.88 


0.82 


0.78 


-3 
-10 
-21 
-30 
-42 


5.0 
5.0 
200 


500 


1000 


1500 


2000 


0.99 


0.97 


0.93 


0.87 


0.79 


-5 
-14 
-27 
-28 
-53 


1.17 


1.16 


1.11 


1.07 


0.97 


170 


155 


131 


110 


91 


0.006 


0.014 


0.027 


0.039 


0.045 


84 


76 


65 


57 


50 


0.97 


0.97 


0.94 


0.93 


0.88 


-3 
-9 
-18 
-28 
-37 


10 
200 


500 


1000 


1500 
2000 


0.99 


0.97 


0.92 


0.85 


0.77 


-5 
-15 
-29 
-44 
-56 


1.47 


1.43 


1.35 


1.32 


1.19 


170 


156 


132 


111 


91 


0.006 


0.014 


0.027 


0.038 


0.044 


84 


76 
65 


57 
49 


0.97 


0.96 


0.93 


0.90 


0.86 


-3 
-9 
-18 
-29 
-37 


15 
200 
500 


1000 


1500 


2000 


1.00 


0.98 


0.91 


0.85 


0.75 


-6 
-15 
-29 
-46 
-58 


1.53 


1.48 


1.41 


1.37 


1.24 


170 


156 


131 


110 


SO 


0.006 


0.014 


0.027 


0.038 


0.043 


85 


77 


64 


57 
49 


0.96 


0.95 


0.93 


0.90 


0.86 


-3 
-9 
-18 
-28 
-36 


20 
200 


500 
1000 


1500 


2000 


1.00 


0.98 


0.91 


0.88 


0.75 


-6 
-16 
-32 
-49 
-62 


1.32 


1.29 


1.23 


1.21 


1.11 


170 


155 


129 


107 


87 


0.006 


0.015 


0.027 


0.038 


0.043 


85 
76 


64 


55 


48 


0.95 


0.95 


0.92 


0.90 


0.86 


-3 
-8 
-17 
-27 
-36 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
vcbo 
50 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
0.5 
Adc 
1Total Device Dissipation @Ta = 25°C 
[ 
Derate above 25°C 
PD 
1.0 
5.7 
Watt 
mW7°C 
| Storage Temperature 
Tsta 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS(Ta ° 25°C unless otherwisenoted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC ° 10mAdc, Ib = 0) 


Symbol 


V(BR)CEO 


MRF8003 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


Min 
Typ 
Max 
Unit 


30 
Vdc 


Collector-Emitter Breakdown Voltage 
dC ° 0.1mAdc, Vbe = °> 
V(BR)CES 
50 
Vdc 


Emitter-Base Breakdown Voltage 
(IE = 0.5 mAdc, lc = 0) 


Collector Cutoff Current 
(Vcb ° 12v^, Ie ° Q) 


ON CHARACTERISTICS 


DC Current Gain 
»C ° 100 mAdc, Vce " 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB " 12.5Vdc,lE ° 0. f ° 1.0 MHz) 


FUNCTIONAL TEST (RGURE 1) 


V(BR)EBO 


'CBO 


hFE 


Cppo 


3.0 
Vdc 


0.1 
mAdc 


20 


15 
PF 


Common-Emitter Amplifier Power Gain 
(VCC = 12-5Vdc,Pout = 0.5W,f = 27 MHz) 
GPE 
10 
— 
— 
dB 


Collector Efficiency 
(Vcc ° 125 Vdc,Pout = 0.5W, f = 27 MHz) 


r» 
50 
% 
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MRF8003 


•Q- 


ci 


MOTOROLA SEMICONDUCTORS 


FIGURE 1 - 27 MHz TEST CIRCUIT SCHEMATIC 


L1 


_r-YV\r\_ 
® 
1 
>*-^ 
C6 T> 


T 
~k C8 
12.5 Vdc 
-i-^ 
< - 


C4 
r-^—Q- 


L3 Y 
7K CS 
•/ 


C1. C2, C3, C4 
9.0-1B0 pF ARCO 463 or equivalent 
C5 
25 pF UNDERWOOD 
C6 
100 pF UNDERWOOD 
C7 
1000 pF UNDERWOOD 
C8 
10 MF ELECTROLYTIC 
L1. L2 
0.47 flH Molded Coil 
L3 
VK 200-20/4B RFC 
L4 
16 Turns No. 26 Wire Closewound on Rl 
Rl 
390 n, 2 W 
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MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unft 


Collector-Emitter Voltage 
VCEO 
30 
Vdc 


Collector-Base Voltage 
Vcbo 
60 
Vdc 


Emitter-Base Voltage 
vebo 
3.0 
Vdc 


Collector Current — Continuous 
ic 
1.0 
Adc 


Total Device Dissipation 
@TC = 25°C(1) 
Derate above 25°C 


PD 
5.0 
28.6 
Watts 
mW/°C 


Storage Temperature 
Tstq 
-65 to +200 
°C 


(1)This device is designed for RFoperation. The total device dissipation rating 
applies only when the device is operated as an RFamplifier. 


ELECTRICAL CHARACTERISTICS (Ta ° 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERiSTICS 


Symbol 


MRF8004 


CASE 79-02, STYLE 1 
TO-39 (TO-205AD) 


RF AMPLIFIER TRANSISTOR 


NPN SIUCON 


MIn 
Typ 
Max 
Unh 


Collector-Emitter Breakdown Voltage 
dC ° SO mAdc, Ib = 0) 
V(BR)CEO 
30 
Vdc 


Collector-Emitter Breakdown Voltage 
dC ° 200mAdc, Vbe = 0) 


Emitter-Base Breakdown Voltage 
dE = 1.0 mAdc, lc ° 0) 


Collector Cutoff Current 
(Vcb = is vdc Ie ° Q) 
ONCHARACTERISTICS 


DC Current Gain 
dC ° 400 mAdc, Vce = 2.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Output Capacitance 
(VCB " 12-5Vdc,Ie = 0, f ° 1.0 MHz) 


FUNCTIONAL TEST 


V(BR)CES 


V(BR)EBO 


>CBO 


hFE 


C0bo 


60 
Vdc 


3.0 
Vdc 


0.01 
mAdc 


10 


35 
70 
pF 


Common-EmitterAmplifier Power Gain 
(See Figure 1) 
(Pout = 3.5W,Vcc = 12-6Vdc,f = 27 MHz) 
GpE 
10 
— 
— 
dB 


Collector Efficiency(2) (See Figure 1) 
(Pout = 3.5W,VCC = 12.5Vdc. f = 27 MHz) 


V 
62.5 
70 
— 
% 


Percentage Up-ModulationH) 
(See Figure 1) 
(f = 27 MHz) 


— 
— 
85 
— 
% 


Parallel Equivalent Input Resistance 
(Pout = 3.5W,Vcc = 12-5Vdc,f = 27 MHz) 
Rin 
— 
21 
— 
Ohms 


Parallel Equivalent Input Capacitance 
(Pout = 3.5 W, VCC = 125 Vdc,f = 27 MHz) 
Cin 
— 
SOO 
— 
PF 


Parallel Equivalent Output Capacitance 
(Pout = 3.5 W,Vcc = 12-5Vdc,f = 27 MHz) 
Cout 
— 
200 
— 
PF 


(1) Percentage Up-Modulation is measuredinthe test circuit (Figure 1)bysettingthe Carrier Power(Pc) to 3.5WattswithVcc = 12-5 Vdc 
and noting the powerinput.Thenthe PeakEnvelope Power(PEP) is notedafterdoubting the original powerinputto simulatedriver 
modulation(at a 25%duty cyclefor thermal considerations)and raisingthe Vccto 25 Vdc(to simulate the modulatingvoltage). 
Percentage Up-Modulation is then determined by the relation: 
r/PEP\V2 
1 
Percentage Up-Modulation = 
I -=—I 
-1 
• 100 


(Vcc) del 
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MRF8004 


FIGURE 1 - 
27 MHz TEST CIRCUIT 


C1.C2 
9.0-180pF ARCO463 or Equwjlent 
C3.C4 5 0 80 pF ARCO46? or Equivalent 
CS 
0 02 «jFCeramic One 
CS 
0 I nt Ceramic One 
RFCI 
4 Turnt #30 EnameledWirt Wound on 
Fcrroicube Bud Typt 56 530 65/38 


RFC2 
26 Turns #22 EnameledWirt 12 Layers - 
13 Turns Etch Layer! 14" Inner Oumeler 


Ll 
022 «H Molded Choke 
12 
0 68 „H Molded Choke 


1"This device isdesignod for RF operation. Tho total dovice dissipation rating 
applies only when the devico is operated as an RF amplifier. 


FIGURE 2 - CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, 
Pout - 15 W PEAK 


20 


'CC = 25 V 25 (Duty 


100% 


0.2 
0.4 
OS 


P,n. INPUTPOWER(WATTS) 


MOTOROLA SEMICONDUCTORS 


7-244 


FIGURE3 - CIRCUIT TUNED AT 12.5 V Poul = 4 W 


CC'2! V 25* OulyC 


/» CC- '2 
ISOuty 


/ 
, 


0 
03 
Ob 
a9 
t.2 
1.5 


Pin. INPUT POWER(WATTS) 


SMALL-SIGNAL DEVICES 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 


UnH 
MWA110|MWA120|MWA130 


RF Input Power 
Pin 
100 
mW 


DC Supply Current 
ID 
25 
| 
55 
| 
100 
mA 


Maximum Case Temperature 
TC 
125 
•c 
] Storage Temperature Range 
Tsta 
-65 to +200 
°C 


OPERATING CONDITIONS 


Device Voltage 
VD 
2.9 
5.0 
5.5 
Vdc 


Device Current 
id 
10 
25 
60 
mAdc 


Decoupling Impedance 
zd 
1000 
1000 
330 
" 


MWA110 
MWA120 
MWA130 


CASE 31A-01, STYLE 2 


GENERAL PURPOSE HYBRID 
AMPLIFIERS 


ELECTRICAL CHARACTERISTICS (Tc ° -25 to +125'C. 50 n system and specified operatingconditions.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unft 


Frequency Range 
BW 
0.1 
— 
400 
MHz 


Power Gain 
GD 
13 
14 
- 
dB 


Response Flatness 
F 
— 
0 
±1.0 
dB 


Input VSWR 
MWA110/120 
MWA130 


- 
- 
- 
2.5:1 
3:1 


- 


Output VSWR 
MWA110/120/130 
— 
— 
— 
2.5:1 
— 


Output @ 1.0 dB Gain Compression 
MWA110 
MWA120 
MWA130 


- 
-2.5 


+ 8.2 


+ 18 


- 


dBm 


Noise Figure 
MWA110 
MWA120 
MWA130 


NF 


- 
4.0 
5.5 
7.0 


- 


dB 


Reverse Isolation 
MWA110 
MWA120 
MWA130 


PRI 


- 
18.8 
19.2 
16.8 


- 


dB 


Harmonic Output 
MWA110(Pout= -9.0 dBm) 
MWA120 (Pout = 0 dBm) 
MWA130(Pout = +10 dBm) 


dso 
-24 
-34 
-35 


- 


dB 
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MWA110 • 
MWA120 • 
MWA130 


FIGURE 1 - 
DEVICE VOLTAGE versus DEVICE CURRENT 
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MWAI20 
MWA130 


^MWAllO 


20 
40 
60 
SO 
100 
120 
140 
lD.DEVICE CURRENT ImAdcl 


FIGURE 2 - 
DEVICE CURRENT versus CASE TEMPERATURE 
FIGURE 3 - 
POWER GAIN versus FREQUENCY 
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ce 
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MW/I 110 


0.(1 


14 


m 
I » 
(9 
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FIGURE 4 - POWER GAIN versus DEVICE CURRENT 


f ° 400 MHz 
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FIGURE 5 - 
POWER GAIN versus CASE TEMPERATURE 


f - 100 MHz 
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FIGURE 7 - VSWR versus FREQUENCY 
MWA110 
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FIGURE 6 - POWER GAIN versus CASE TEMPERATURE 


f = 400 MHz 
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FIGURE 8 - VSWR versus FREQUENCY 
MWA120 
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FIGURE 9 - VSWR versus FREQUENCY 
MWA130 
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FIGURE 10 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
MWA110 


-|50 


CoorrjirtiltJ in Ohms 


FIGURE 12 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
MWA130 


,50 


Coordinates in Ohms 


MOTOROLA SEMICONDUCTORS 


FIGURE 11 - INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
MWA120 


-ISO 


CoorrJimia in Ohm 


FIGURE 13 - 
1.0 dB GAIN COMPRESSION versus FREQUENCY 
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FIGURE 14-1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT 
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FIGURE 16 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 18 - 
SECOND HARMONIC OUTPUT versus FREQUENCY 
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SMALL-SIGNAL DEVICES 


FIGURE 15 - 
1.0 dB GAIN COMPRESSION 
versus CASE TEMPERATURE 
f » 400 MHz 
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FIGURE 17 - 
REVERSE ISOLATION versus FREQUENCY 
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FIGURE 19 - 
SECOND AND THIRD ORDER INTERCEPT 
MWA110 
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FIGURE 20 - 
SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 22 - 
INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA110 


T««o Tone Test 
11 >30 MHr. 12-30.001 MHr 


"3 


"^T 


0.5 
1.0 
1.5 
P„,„.POWER OUTPUT (mWPEP) 


FIGURE 24 - 
INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA130 


Two Tone Test 
11 - 30 MHz. (2 - 30.001 MHr 
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FIGURE 21 - 
SECOND AND THIRD ORDER INTERCEPT 
MWA130 


^' 


» 


♦40 
/ 


E 
Fundamental*. 
2 
+20 
ce 
V 


3 
o 
£ 
0 
3 
a. 


\ 
\ 
Second Older (a • b) 


3 
o 


a. 
.— Third Order |:a s ttt) 


-40 


-20 
0 
P.„, INPUTPOWER (dBm) 


FIGURE 23- INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA120 
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FIGURE 25 - 
GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The 
MWA series 
hybrid amplifiers are designed for 
wideband general purpose applications in 50 fi systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure 26 shows the basic internal circuit. It is impor 
tant to note that the specified operating conditions of 
voltage, 
current, 
and 
external 
decoupling 
impedance 
must 
be 
applied 
to 
the units in order to achieve the 
published electrical characteristics. 


FIGURE 26- INTERNAL CIRCUIT 


WV 
A 


DC Supply 
end 
RF Output 


Amplifier Application 
The circuit 
schematic for 
a simple amplifier design 
is shown in Figure 27. 
External 
to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements - Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 il load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss = 20 Log 
dB 
ZD+25 


where Zo = decoupling impedance in ohms. For example, 
if Zq = 1 kfi. Loss = 0.214 dB. 
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FIGURE 27 - AMPLIFIER SCHEMATIC DIAGRAM 


»vcc 9 
c Bypass 


Decoupling 
Impedance (Zq| 
50 Si 
~H 
O Load 


Supply Voltage 
The value of the external decoupling resistive imped 
ance (Rpl determines the supply voltage (+Vcc) a°d is 
determined by the following equation: 


Vcc= Rd x 'D + Vq 


where Iq and Vq are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


lp " 10 mA 
VD =2.9 V 


and, if Ro = 330 fif then 


VCC = 6.2 V 


More commonly Vqq is predetermined and Rd may be 
calculated from: 
Vcc - Vd 
RD = 
"D 
If an RF choke is used for decoupling, then the supply 
voltage [Vqq) 
required 
is equal to the device voltage 
(VD). 


Low Frequency Response 
The value of the 
blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value 
to 
yield 
a desired 3 dB 
low 
frequency 
corner 


«LFC>- 


CBlock IFarads) = 
1 
100irfLFC(Hz) 


Bypass Capacitor 
The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 


MOTOROLA SEMICONDUCTORS 


MWA110 • 
MWA120 • 
MWA130 


FIGURE 28 - TEST FIXTURE 


Grounding Screws 


Blocking Capacitor 
(Ceramic Chip) 


Bypass Capacitor 
(Ceramic Chip) 
' VCC Supply 


Circuit Board 
Mounted on 
Aluminum Block 


50 ii Bulkhead 
Connector 


Bias/Oecoupl 
Impedance 


Note: The circuitry indicated 
is on the underside o< the printed circuit board with sockets for the 
amplifier pins 
The case of the amplifier should contact the printed circuit board top surface to 
ensuro effective RF grounding. 


Text Fixture 
The 50 fi input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 
50 fi 
microstrip transmission lines. 
Figure 28 is 
an 
example 
of 
a circuit board layout which utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 


dielectric constant and thickness. The table lists appro 
priate line widths for 50 fi microstrip lines on commonly 


used circuit board materials. 


MATERIAL 
TYPE 
DIELECTRIC 
CONSTANT 


DIELECTRIC 
THICKNESS 
INCHES 


LINE 
WIDTH 
INCHES 


Teflon- 
Fiberglass 


Fiberglass 
Epoxv 


2.5 


5.0 


0.03125 
0.0625 


0.0S25 


0.090 


0.180 


0.100 


As 
in all good 
RF 
circuit designs, care 
should be 
taken 
to 
minimize 
parasitic 
lead 
inductances and to 
provide adequate grounding. 


FIGURE 29 - 
TYPICAL CASCADE 


•vCc 


I Capacitors ICI are 0 018 «F 
Chip Capacitors 


Cascading 
The 
inherent stability of the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 29 shows a typical 3 hybrid 


cascade with measured data foi 400 MHz 
and 
1000 
MHz 


hybrids. 


MOTOROLA SEMICONDUCTORS 


Cascade 1 
Cascade 2 


Frequency Range 
0.25 to 400 MHz 
0.25 to 1000 MHz 


Gain 
43.5 dB 
20.5 dB 


Gain Flatness 
ll.OdB 
10.75 dB 


Input VSWR 
2.0:1 
2.4:1 


Output VSWR 
1.2:1 
2.1:1 
Vcc Supply 
12 Vdc 
33 Vdc 


1 Supply 
44 mAdc 
150 mAdc 


MWA oi 
MWA110 
MWA320 


MWA »2 
MWA110 
MWA330 


MWA 83 
MWA 120 
MWA330 


Rl 
10OO ft 
10OO ft 


R2 
10OO ft 
soon 


R3 
300 ft 
soon 
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MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
MWA210|mWA220|mWA230 


RF Input Power 
Pin 
100 
mW 


DC Supply Current 
>D 
25 
| 
55 
| 
100 
mA 


Maximum Case Temperature 
TC 
125 
•c 


Storage Temperature Range 
Tstq 
-65 to +200 
°C 


OPERATING CONDITIONS 


Device Voltage 
vD 
1.75 
3.2 
4.4 
Vdc 
\ Device Current 
id 
10 
25 
60 
mAdc 


Decoupling Impedance 
zd 
1000 
1000 
330 
n 


MWA210 
MWA220 
MWA230 


CASE 31A-01, STYLE 2 


GENERAL PURPOSE HYBRID 
AMPLIFIERS 


ELECTRICAL CHARACTERISTICS (Tc = -25 to +1C0X, 50n systemand specified operating conditions.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
0.1 
— 
600 
MHz 


Power Gain 
Go 
9.0 
10 
— 
dB 


Response Flatness 
F 
— 
0 
±1.0 
dB 


Input VSWR 
MWA210/220 
MWA230 


- 
- 
- 
2.5:1 
3:1 


- 


Output VSWR 
MWA210/220/230 
— 
- 
— 
2.5:1 
— 


Output @ 1.0 dB Gain Compression 
MWA210 
MWA220 
MWA230 


- 
+ 1.5 


+ 10.5 


+ 18.5 


- 


dBm 


Noise Figure 
MWA210 
MWA220 
MWA230 


NF 


- 
6.0 
6.5 
7.5 


- 


dB 


Reverse Isolation 
MWA210 
MWA220 
MWA230 


PRI 


- 
13.5 
14.5 
12.9 


- 


dB 


Harmonic Output 
MWA210(Pout = -9-0 dBm) 
MWA220(Pout = 0 dBm) 
MWA230 (Pout = +10 dBm) 


dso 


- 
-29 
-36 
-36 


- 


dB 
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FIGURE 1 - 
DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 2 - 
DEVICE CURRENT versus CASE TEMPERATURE 
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FIGURE 3 - 
POWER GAIN versus FREQUENCY 


MW/1230 


_ 


•. 


MW/1220 


MW/uto 


r- 
Z 
SB 


rr 
cc 


u 


26 


> 
24 


o 
II 


S 
ss 


\ 
MWA23o\ \ AWA210/MWA220 
\ 
n 
fct 
32 


Tc. CASE TEMPERATURE (°CI 
400 
600 
800 
1000 
1200 
1400 


I, FREQUENCY (MHr) 


FIGURE 4 - POWER GAIN versus DEVICE CURRENT 
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FIGURE 5 - POWER GAIN versus CASE TEMPERATURE 
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FIGURE 7 - VSWR versus FREQUENCY 
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FIGURE 6 - POWER GAIN versus CASE TEMPERATURE 
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FIGURE 8 - 
VSWR versus FREQUENCY 
MWA220 
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FIGURE 9 - VSWR versus FREQUENCY 
MWA230 
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FIGURE 10 - 
INPUT AND OUTPUT IMPEDANCE versus 
FREQUENCY MWA210 
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FIGURE 12 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY MWA230 
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FIGURE 11 - 
INPUT AND OUTPUT IMPEOANCE 
versus FRFQUENCY MWA220 
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FIGURE 13 - 
1.0 dB GAIN COMPRESSION 
versus FREQUENCY 
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FIGURE 14 - 
1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT f = 600 MHz 
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FIGURE 16 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 18 - SECOND HARMONIC OUTPUT versus FREQUENCY 
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FIGURE 15 - 1.0 dB GAIN COMPRESSION 
versus CASE TEMPERATURE f » 600 MHz 
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FIGURE 17 - 
REVERSE ISOLATION versus FREQUENCY 
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FIGURE 19 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 20 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 22 - 
INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA210 
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FIGURE 24 - 
INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA230 
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FIGURE 21 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 23 - 
INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA220 
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FIGURE 25 - GROUP DELAY versus FREQUENCY 
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MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
MWA310]mWA320]mWA330 


RF Input Power 
Pin 
100 
mW 


DC Supply Current 
id 
25 
| 
55 
| 
100 
mA 


Maximum Case Temperature 
Tc 
125 
°C 


Storage Temperature Range 
Tsta 
-65 to +200 
"C 


OPERATING CONDITIONS 
/ Device Voltage 
VD 
1.6 
2.9 
4.0 
Vdc 
| Device Current 
>d 
10 
25 
60 
mAdc 
| Decoupling Impedance 
zd 
1000 
1000 
330 
n 


MWA310 
MWA320 
MWA330 


CASE 31A-01, STYLE 2 


GENERAL PURPOSE HYBRID 
AMPLIFIERS 


ELECTRICAL CHARACTERISTICS (Tq = -26 to +80*0, 50 n system and specified operating conditions.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
UnH 


Frequency Range 


Power Gain 


Response Flatness 


Input VSWR 


Output VSWR 
Output @ 1.0 dB Gain Compression 


Noise Figure 


Reverse Isolation 


Harmonic Output 
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MWA310 
MWA320 
MWA330 


MWA310 
MWA320 
MWA330 


MWA310 
MWA320 
MWA330 


MWA310(P0ut = -9° dBm> 
MWA320 (Pout = 0 dBm) 
MWA330 (Pput = +10 dBm) 


7-259 


BW 


NF 


PRI 


7.0 
8.0 
6.2 


+ 3.5 


+ 11.5 


+ 15.2 


6.5 
6.7 
9.0 


10.4 
10.4 
9.0 


-30 
-38 
-35 


1000 


±1.0 


3:1 


3:1 


MHz 


dB 


dB 


dBm 


dB 


dB 


dB 
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FIGURE 1 - 
DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 2 - 
DEVICE CURRENT versus CASE TEMPERATURE 
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FIGURE 3 - 
POWER GAIN versus FREQUENCY 
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FIGURE 4 - 
POWER GAIN versus DEVICE CURRENT 
f-1000 MHr 
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FIGURE 5 - POWER GAIN versus CASE TEMPERATURE 
f° 100 MHz 
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FIGURE 7 - VSWR versus FREQUENCY 
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FIGURE 9 - VSWR versus FREQUENCY 
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FIGURE 6 - POWER GAIN versus CASE TEMPERATURE 
f= 1000 MHz 
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FIGURE 8 - VSWR versus FREQUENCY 
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FIGURE 10 - 
INPUT IMPEDANCE versus FREQUENCY 
MWA310 
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FIGURE 11 - OUTPUT IMPEDANCE venus FREQUENCY 
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FIGURE 12 - 
INPUT IMPEDANCE versus FREQUENCY 
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FIGURE 13 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 14 - 
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FIGURE 15 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 16-1.0 dB GAIN COMPRESSION versus FREQUENCY 
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FIGURE 17 - 
1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT 
f - 1000 MHz 
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FIGURE 19 - NOISE FIGURE versus FREQUENCY 
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FIGURE 21 - SECOND HARMONIC OUTPUT varus FREQUENCY 
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FIGURE 18 - 1.0 dB GAIN COMPRESSION 
versus CASE TEMPERATURE 
f - 1000 MHz 
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FIGURE 20 - 
REVERSE ISOLATION versus FREQUENCY 
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FIGURE 22 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 23 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 25 - INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA310 
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FIGURE 27 - 
INTERMODULATION DISTORTION 
versus POWER OUTPUT 
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FIGURE 24 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 26 - INTERMODULATION DISTORTION 
versus POWER OUTPUT 
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FIGURE 28 - GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 ft systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure 29 shows the basic internal circuit. It is impor 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 29 - INTERNAL CIRCUIT 


Amplifier Application 
The circuit 
schematic for 
a simple amplifier design 
is shown in 
Figure30. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements - Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitorsat the RF input and output. 


External Decoupling Impedance 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 ft load impedance to minimize RF gainreduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss = 20 Log 
dB 
ZD + 25 


where Zp = decoupling impedance inohms. For example, 
if Zp = 1 kft. Loss =0.214 dB. 
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FIGURE30 - AMPLIFIER SCHEMATIC DIAGRAM 


♦ vcc a 


Decoupling 
Impedance (Zq) 
50 il 
-If 
o 
Load 


Supply Voltage 
The value of the external decoupling resistive imped 
ance (Rq) determines the supply voltage (+Vcc> and is 
determined by the following equation: 


Vcc= RD x 'D + VD 
where Iq andVq arethe devicecurrentandvoltage stated 
in the data sheet. For example, for MWA110, 


Iq= 10 mA 
VD =2.9V 


and, if Rp = 330 ft, then 


Vcc = 6.2 V 


More commonly Vcc 's predetermined and Rq may be 


calculated from: 
Vcc - Vd 
RD = 
ID 
If an RF choke is used for decoupling, then the supply 
voltage [Vqq) required is equal to the device voltage 


(VD). 


Low Frequency Response 
The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value 
to 
yield 
a desired 
3 dB 
low 
frequency 
corner 


('LFC» 


CBIock^arads) 
1 
100JTfLFC(Hz) 


Bypass Capacitor 
The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 31 - TEST FIXTURE 


Grounding Screws 


Circuit Board 
Mounted on 
Blocking Capacitor 
Aluminum Block 
(Ceramic Chip) 


50 fl Bulkhead 
Connector 


Bias/Decoupling 
Impedance 
Bypass Capacitor 
♦ VccSupplv 
(Ceramic Chip) 


Noto: The circuitry indicated is on the undorsido ol the printed circuit board with sockets for tho 
amplifier pins The case of the amplifier should contact the printed circuit board top surface to 
ensure effective RF grounding. 


Text Fixture 
The 50 ft input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 ft microstrip transmission lines. 
Figure 31 is 
an example 
of 
a circuit board 
layout which utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table lists appro 
priate line widths for 50 ft microstrip lines on commonly 
used circuit board materials. 


MATERIAL 
TYPE 
DIELECTRIC 
CONSTANT 


DIELECTRIC 
THICKNESS 
INCHES 


LINE 
WIDTH 
INCHES 
Teflon- 
Fiberglass 


Fiberglass- 
Epoxy 


2.5 


S.O 


0.03125 
0.0625 


0.0625 


0.090 
0.180 


0.100 


As in all good 
RF circuit designs, care should be 
taken 
to 
minimize 
parasitic 
lead 
inductances and 
to 
provide adequate grounding. 


FIGURE 32 - TYPICAL CASCADE 


All Capacitors IC) are 0.018 pF 
Chip Capacitors 


Cascading 
The 
inherent stability of the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems.Figure 32 shows a typical 3 hybrid 
cascade with measured data foi 400 MHz 
and 
1000 MHz 
hybrids. 


MOTOROLA SEMICONDUCTORS 


Cascade 1 
Cascade 2 
Frequency Range 
0.25 to 400 MHi 
0.25 to 1000 MHi 


Gain 
43.5 dB 
20.5 dB 


Gain Flatness 
-- 1 OdB 
:0.75dB 


Input VSWR 
2.0:1 
2.4:1 
Output VSWR 
1.2:1 
2.11 
VCC Supply 
12 Vdc 
33 Vdc 


1 Supply 
44 mAdc 
150 mAdc 


MWA sj 
MWA110 
MWA320 


MWA =2 
MWA110 
MWA330 


MWA =3 
MWA 120 
MWA330 


Rl 
looo n 
iooo n 


R2 
1000 n 
soon 


R3 
300 n 
500 n 
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Thefollowing pagescontain information on thevarious pack 
ages referenced on the individual data sheets. Information in 
cludes:a pictureof the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for Case numbers, "old" JEDEC "TO" numbers, and 
the new JEDEC "TO" designation. 
Additionally, abstracts of available applicationnotes are pro 
vided. Please contact your local sales representative for those 


desired. 
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Package Outline 
Dimensions 
and Application Information 


Package Outline Dimensions 


Dimensions are in inches unless otherwise noted. 


CASE 20-03 TO-72 (TO-206AF) 


™- A — 


*"~"t 
B 


fE 
Ir | 
7' 
SEATING 
PLANE h 


DIM 
MILLIMETERS 
INCHES 
MIN 
MAX 
MIN 
MM 


A 
5.31 
5.84 
0JO9 
0.730 
e 
«? 
4:95 
0.178 
P,i?5 
c 
4J2 
5J? 
0.170 
0.210 
0 
0.41 
OSl 
oxtie 
ami 
( 
- 
0.78 
_ 
turn 
F 
041 
O.M 
0:016 
0.019 
G 
2* DSC 
0.100 DSC 
H 
oil 
1.17 
0038 
owe 
J 
0>l 
••tf 
0.028 
0X48 
K 
12.70 
0500 
. 
i 
6ii 
- 
0.250 
. 
u 
- 
m>ut 
~~ww~ 
If 
Ml t^C 
0J0S0BSC 
r 
- 
1 131 
- 
laoso 


All JEDEC dincrsJem«vj noas tpprf 


CASE 22-03 TO-18(TO-206AA) 


-A- 
I 
» 


fE 


1 
r 
i 
7 
SEATING / 
PLANE' t 


-F 
| 
K 


•-11— D 


DIM 
MILLIMETERS 
INCHES 
MIN 
MAX 
MtN 
MAX 


A 
5JI 
184 
029) 
0730 


B 
4B 
4ii 
6i)i 
6iM 
C 
tj! 
4J1 
0.170" Mto 
P 
0.408 
8.SU 
(WIS 
fl^l 
E 
0.782 
oii) 
f 
om Mtt 
0.AII 
MI9 
8 
iM bc 
0.1K Ut 
ri 
0.914 
1.17 
OJ0J8 
ojMI 
J 
0.»li 
1.22 
lair Mil 
K 
ia-29 


- 
mu 
- 
L 
IM 
- 
UH 
- 


M 
*4» sit 
~~w ac 
H 
IJ7 8SC 
MSI use 
¥ 
- 
Hi) 
- 
10AM 


All JEDECnantat cUmmsicn apptv- 


CASE 26-03 TO-46 (TO-206AB) 


A—1 


STYLE I: 
PIN I. EMITTER 
2. BASE 
3. COLLECTOR 


MILLIMETERS 
MIN [MAX 


lii 111* 
0.4081 foil 


6.36slo.4l3 


mi 
in- 
l»»" 
T3T, 
4S°WC 


- Tin 


0.178 I 6.19t 
ftoBltftB 
OJlli I UH 


QJI} 
MH 
Tnar— 
rtin 
SEE 


- 
uaa 


An JEDEC rjimiulonitod rem isslr 
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CASE 20 STYLES 


STYIEI 
STYLES 
SOURCE 
PIN 1 
SOURCE 
PIN 1. 
ORAIN 


2 
GATEI 
2. 
GATE 2 
3 
3. 
GATEI 
CASE LEAO 
4 
CASE 
4. 
SOURCE. 
SUBSTRATE 


2. 
3. 
4. 


SOURCE 
GATE 
ORAIN 
SUBSTRATE ANO 


STYLES 
PIN1. 
ORAIN 
ANO CASE 


2. 
SOURCE ANO 
STYLE 10 


3. 
SUBSTRATE 
PINI. 
EMITTER 
2. 
BASE 
CASE LEAD 
4. 
SOURCEANO 
3. 
COLLECTOR 


STYLE 3 
SUBSTRATE 
4. 
CASE 


PIN 1. 


2. 
DRAIN 
SOURCE 


STYLE 7 
PIN 1. 
ORAIN 
STYLE 11 


3. 
GATE 
2. 
SOURCE 
PIN 1. EMITTER 


4. 
CASE LEAO 
4. 
CASE ANO 
2. CATHODE 


STYLE 4 
PIN 1. 
SOURCE 
STYLEe 


SUBSTRATE 
3. COLLECTOR 


4. ANODE 
NOTE 
2. 
GATE 
PIN 1. 
EMITTER 2 
3. 
ORAIN 
2. 
BASE1 
1. ALL RULES ANO 


4. 
GATE 2 - 
3. 
COLLECTOR 
NOTES WITH 


SUBSTRATE ANO 
4. 
EMITTER 1 
TO-72 OUTLINE 
CASE 
BASE 2 
SHALL APPLY 


CASE 22 STYLES 


STYLE I 
PINI EMITTER 
2 BASE 
3 COLLECTOR 
STYLE 2 
PIN I SOURCE.SUBSTRATE 
ANO CASE 
2 GATE 
3 DRAIN 
STYLE 3 
PIN I SOURCE 
2 ORAIN 
3 GATE 


STYLE 4 
PINI. SOURCE 
2 ORAIN 
3 GATE SCASE 


STYLE i 
PINI EMITTER 
7 BASE I 
3 BASE 2 


STYLES 
PINI CATHOOE 
2 GATE 
3 ANOOE 


STYLE 7: 
PIN I. ANOOE 
2 BASE 
3. CATHOOE 


STYLE 8: 
PIN I. GATE 
2. ANOOE I 
3 ANODE 2 


STYLE 9 
PIN I. ANODE 2 
2 ANOOE1 
3 GATE 
(CONNECTED TO 
CASE! 


STYLE 10 
PIN I. BASE 
2. EMITTER 
3 BASE 


STYLE II 
PINI ORAIN 
2 GATE 
3 SOURCE. SUBSTRATE 


STUC 
12: 
PIN 
I. 
SOURCE 
2. 
CATC 
3. CHAIN (CASE) 


CASE 27-02 TO-52 (TO-206AC) 


8-2 


STYLE I: 
STYLE 3: 
PIN I. EMITTER 
KN 1. EMITTER 
2. BASE 
t**St 
J. COLLECTOR 
3-BASE 2 


STYLE 2: 
STYLE 4: 
PIN1. ORAIN 
PIN 1. SOURCE 
2. SOURCE 
2. ORAIN 
3. GATE & CASE 
3. GATE i CASE 


DIM 
MILLIMETERS 
INCHES 
MIN 
MAX 
MIN 
1 MAX 


A 
SJI 
5.84 
0.209 10230 
B 
4.S2 
♦** 
0.178 
0.11S 
C 
2J2 
M' 
0.1 IS 1 0.1S0 
0 
- 
OSH 
- 
0.421 
E 
- 
Mrt 
F 
0.408 
o,«M 
0016 10.019 
G 
2.S4BSC 
O.IOOBSC 
H 
0.8141 UJ 
MM i biit 
J 
Mil 1UI" ilit \ 6M 
K 
IMS 1 - 
MM 
- 
L 
m 
1 - 
0.2M 1 - 
M 
Wiil 
w&t 
N 
127 Sit 
oJwtic 
t 
- 
IIH 
- 
IUM" 


All JEOECdirnmioni ind notsi st^ply 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 29-02 TO-92 (T0-226AA) 


CASE 29 STYLES 


STYLE I 
pin i 
emitter 
1 iase 
s couicton 


STYLE 9 
Ml 
IAI1I 
2 EMITTER 
1 (ASE2 


STYU J 
STYll 10 
PINI IASI 
PIH1.CMH00E 
j emitter 
'• gate 
j coiucior 
> anode 


DIM 
MtllDCETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
432 
5.33 
0.170 
0.210 
8 
4.44 
»• 
0.175 
0,29} 
C 
3 18 
4.19 
0.125 
Utt 
0 
041 
?•$« 
0.016 
o-ra 
F 
0.41 
p.48 
0.016 
0.019 


G 
1.14 
•r*9 
a045 
MH 
H 
- 
?M 
0.100 
J 
2.41 
IV 
O.0S5 
0105 
K 
12.70 
- 
0,500 


L 
_5JS_ 
- 
0.250 
- 


N 
2.03 
W 
0080 
0.105 


P 
2.92 
- 
0.115 
- 
R. 
3.43 
- 
0135 
- 


1 
o,ff 
0.41 
aoi4 
0016 


All JEDECdimrnsnm tnd mttstpply. 


situ ti 
Pin I. ANOOE 
7 GATE 
1 CATHOOE 


STYLE II 
PIN I 
COLLECTOR 
J 
IAS( 
J EMITTED 


STYLE II 
I 
EtCITTtA 
1. 
COLLICTORIANOOI 
1 
CATHODE 


STYLES 
urn anooe 
2 ANOOE 
1 CATHOOE 


STYLE 4 
nil 
CATHODE 
1 CATHOOE 
] 
AHODE 


STYLE s 
Ml I 
QKAIN 
! 
SOURCE 
J 
GATE 


STYLE 11 
Pin 1. AKOOE 
1. CATHOOE 8 ANOOE 
X CATHOOE 


STYLE 17: 
rml 
KAIM TENKIHAl 1 
I 
GATE 
J MAINTERMINAL1 


STYLE ll 
PIN 1 
ANOOE 
1 
! 
DATE 
1 
CATHOOE2 


STYLE II 
STYLES 
NN 1 ANOOE 
PINI Vcc 
2. CATHOOE 
I GR0UN02 
] NOTCONNECTED 
) OUTPUT 


STYLE II. 
STYLE 71; 


PIN 1 GATE 
PINI 
MT 
2 ANODE 
2.SUSSTRATE 
I 
CATHODE 
3.MT 


PIN I 
NOTC0NNECU0 
2 CATHOOE 
3 
ANOOE 


STYLE 21 
PIN I 
COUECTOR 
1 
EMITTER 
J IASI 
12 3 
STYLE 22 
(«»o«.\ 
PIN 1 SOURCE V 
/ 
2 GATE 
N 
S 
3 
ORAIN 


STYLE 23 
PIN 
I 
GATE 
2 SOURCE 
3 
ORAIN 


STYLE tt: 
PIN 1. CATHOOE 
2. ANOOE 
1 GATE 


STYLE 21: 
PIN I ROT CONNECTED 
2. ANOOE 
3. CATHOOE 


STYLE ID 
PIN I. ORAIN 
2. OATE 
1. SOURCE 


STYLE I 
UN I 
GATE 
2 SOUNCiASUISTNATE 
3ORAIN 
^ 


STYLE I 
PIN I 
SOURCE 
1 DRAIN 
S 
GATE 


< I. EMITTER 
I. COLLECTOR 
1. BASE 


STYLE! 
PIN I 
ORAIN 
2 
OATE 


STYLE IS: 
PIN I. ANOOE I 
2 CATHOOE 
1 
ANOOE 2 
3 SOURCEA SUISIRATE 


CASE 31A-01 


STYLE 1: 
STYLE 2: 
PIN 1. EMITTER 
PIN I. INPUT 
2. BASE 
2. OUTPUT 
3. COLLECTOR 
3. GROUND 


OIM 
MILLIMETERS 
INCHES 
KIN 
1 MAX 
MIN 
MAI 


A 
8.51 19.40 
0.335 
0.370 


B 
7.75 
8.51 
0.305 
0.335 


C 
3.81 
14.57 
0.150 
0.100 


0 
0.41 1043 
0.016 
6.613 


6 
5.09 BSC 
0.200 BSC 


H 
0.71 
10.86 
0028 
0.034 


J 
0.74 
1.14 
0.029 
0.045 


K 
12.70 
1 - 
0-500 
M 
45° BSC 
45° BSC 


N 
2 54 BSC 
0.100 BSC 


NOTE: 
I. LEADS WITHIN 0-36 mm (OflU) DIA 
OF TRUE POSITION AT SEATING 
PLANE AT MAXIMUM MATERIAL CONOITION. 


SMALL-SIGNAL DEVICES 


CASE 29-03 TO-226AE 


NOTES: 
1. DIMENSIONS A- 
ANO 
8 
ARE OATUMS. 


2. 
>T> 
IS SEATING PLANE. 
3. POSITIONAL TOLERANCE FORLEADS: 
[-frig-0.1010.004)@|T|AQ|B®| 


4. DIMENSIONING ANDTOLERANCING 
PER ANSI YI4.5,1973. 


OIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
7.37 
7.87 
0.290 
0.310 


B 
4.44 
ii\ 
A.1>5 "B3K' 


C 
3.19 
4.19 
0.125 
0.165 


D 
0.46 
0.61 
0.018 
0.024 


G 
U7BSC 
0.050 BSC 


1 
2.54 BSC 
0.10 BSC 


K 
12.70 
- 
0.500 
- 


N 
2473 
232 
O.OM 
0.116 


R 
3.43 
- 
Ti3s 
- 


S 
0.46 
0.61 
0.018 
0024 


CASE 31-03 T0-5 (TO-205AA) 


STYLE 1: 
PIN 1. EMITTER 
2.8ASE 
3. COLLECTOR 


STYLE 2: 
PINI. CATHOOE 
2. GATE 
3. ANOOE 


STYLE 3: 
PIN 1. GATE 
2. CATHOOE 
3. ANODE 


OIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MtN 
MAX 


A 
8.51 
9.40 
0J3S 
OJ70 


B 
1 7.75 
8J51 
OJ05 OJ» 
C 
D 
E 
F 


610 
••IllilJiiJlilllLEIlB 
8sWKlfTIT»r>jK'Ili!»a 
sOH3iJli>«Iil'ji:jtUM 


G 
5£9 ISC 
0.200 BSC 


H 
0.711 0.864 
0J078I0D34 


J 
0.734 
1.14 
ojbmIojms 


K 
38.10 
44.45 
1jtt 11.180 


I 
MS- 
- 
TJ3&01 - 
M 
4S< BSC 
4S*B$t 


N 
— 
— 


r 
_ 
ii7 
- 
atsa 


R 
1M 
- 
"ATM 
- 


? 


- 
*tf 
- 
o40 


CASE 79-02 TO-39 (TO-205AD) 


\y<Y' 


DIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
8 89 
940 
0.350 
0 370 


B 
800 
8.61 
0315 
0335 


C 
6 10 
6y4 
0240 9JW 
D 
0.40$ 
0.533 
0016 
0.021 


E 
0229 
3.18 
0039 
0125 
t 
T40S 04*} 
0 016 
6019 


a 
493 
5.33 
0190 
0210 


H 
0711 
08S4 
0028 
9034 


j 
0737 
102 
0029 
0 040 


K 
1270 
0500 
- 


I 
635 
- 
0240 
- 


M 
45° NOM 
45° 1 OM 


P 
- 
1 1 27 
- 
0050 
q 
90* NOM 
90»l OM 


R 
2.54 
I 
- 
o too 
- 


All JEOEC dmntmits inrJ noiis tppry. 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 79-03 


CASE 176-02 


> 
MATINSPLANE 


CASE 176 STYLES 


DIM 
MIllWETERS 
INCHES 
MIN 
MAX 
MIN 
MAX 


A 
9.02 
9.10 
1355 
0388 
B 
864 
ail 
0.315 
0335 
C 
4.19 
4.5J 
6.165 
OIM 
p 
o.4j 
0.M 
Ml' 
6021 
E 
0.43 
089 
£4i7 "0.635 
F 
641 
0.41 
•»«• 
Ml* 
G 
4.83 
5.33 
iiscT 
6.216' 
H 
Ml 
«4» 
0024 
6634 
J 
174 
1XL7 
bSs 
0.040 
*, 
12.76 
- 
"oitxV 


_ 
M 
45° NOM 
45° NOM 
If 
2.54 TYP 
0.100 TYP 
a 
90° NOM 
90° NOM 


NOTE: 
A Tckwxa ol J5 ram (jOIC) mat t» aOonst) 
il point teds prolrudt Iroropackgstforslots 


DIM 
MIlltMETERS 
INCHES 
MIN 
MAX 
MIN 
MAX 
A 
"its 
167 
0080 
atcs 
B 
0.38 
a 7« 
aois 
aojo 
C 
(.27 
7.03 
aoso 
aosa 
b 
"Sis 
641 
0.010 
Mli 
F 
BOB 
0.16 
aoo3 
0.06s 
It 
TR" 
4.57 
atio 
6.1*6 
N 
1.47 
1.78 
0.058 
aOTO 


STYLE 1: 
STYLE 5: 
PINI. BASE 
PIN 1. CATHOOE 
2. EMITTER 
2. NOT CONNECTED 
1 COLLECTOR 
3ANOOE 


STYLE 2: 
STY IE 6: 
PINI. SOURCE 
PINI. CATHODE 
2. GATE 
2. ANOOE 
3. ORAIN 
3. ANOOE 


STYLE 3: 
STYLE 7: 
PIN 1. ORAIN 
PIN 1. EMITTER 
2. SOURCE 
2. BASE 
3. GATE 
3. COUECTOR 


STYIE4: 
STYLES: 
PINI. ANODE 2 
PINI. ANODE 
2. ANODE 1 
2.NC 
3. CATHOOE 
3. CATHODE 


MOTOROLA SEMICONDUCTORS 


CASE 79 STYLES 


PIN 
1. INPUT 
2. OUTPUT 
3. GROUND 'L7 


STYLE 1: 
PIN 1. EMITTER 
2 
BASE 
3. COLLECTOR 


STYLE 4: 
PIN 1. MAIN TERM. 1 
2. GATE 
3. MAIN TERM. 2 


STYLE 2: 
PIN 1. ORAIN 
2. SOURCE 
3. GATE 


STYLE 5 
PIN 1 
COLLECTOR 
2. BASE 
3. EMITTER 


STYIE3: 
FIN 1. CATHODE 
2. GATE 
3. ANOOE 


STYLE 
6: 
PIN 
1. 
SOURCE 
2. 
GATE 
3. DRAIN 
(CASE) 


NOTES. 
1. All RULES ANO NOTES ASSOCIATEOWITH TO-39 
OUTLINE SHAH APPLY. 


CASE 176B-01 


- SfATINa PlANf 


CASE 244A-01 


DIM 
MILLIMETERS 
INCHES 
MM 
MAX 
KM 
MAX 


A 
2.03 
tS7 
OjOSO 
0.105 
B 
Oil 
6.76 
0015 •16J5" 
e 
Ir" 
JrM 
-OOS0. oxto 
b 
0.25 
041 
0J3I0 
MJf 
f 
0.08 
MIS 
ojxtJ o#f 
K 
*JW 
1,57 
0.150 
0.180 
N 
2xa 
2J67 
0X30 
0.105 


" STYLE I: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


STYLE 2: 
PIN t. COMMON 
2. OUTPUT 
3. COMMON 
4. INPUT 


DIM 
MILLIMETERS 
INCHES 
KIN 
MAX 
MIN 
MAX 


A 
7.06 
7.26 
01278 
0.2SS 
8 
6 JO 
8.50 
0244 
oitt 
C 
15.24 
16.51 
OSM 
obso 
p 
0.68 
4rrY 
O026 
0JJJ4 
E 
1.40 
1.65 
0055 
aces 
F 
JLSL 


— 
OJXO 
— 


J 
0.10 
0.15 
O0D4 
0-006 
K 
.1.17 
- 
0.440 
— 
It 
45*NOlt 
4S» Moil 
? 
— 
UJ 
- 
0X50 
s 
2.74 
335 
0.108 
0.132 
T 
1.40 
1.78 
0.055 
O070 
U 
232 
3JBB 
0.115 
0.145 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 249-05 


HATING PLANE 


CASE 305-01 


CASE 317-01 


SMALL-SIGNAL DEVICES 


STYLE 1: 
PIN I. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


STYLE 2: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


SEATING PLANE • 
GROUND AND IS 
CONNECTED TO 
PIN I ANO PIN 3. 


OIM 
MILLIMETERS 
INCHES 
um 
MAX 
MIN 
MAX 


A 
708 
7.28 
0276 
0.266 


C 
284 
3.45 
0.112 
0.138 


0 
5.46 
54! 
MIS' 
0235 


J 
Ml 
6.tl 
DOT 
0007 


N 
I1JJ5 
- 
0435 
- 


M 
45*NOM 
45° NOM 


S 
1.401 li> 
OJ6S5 1 66*5 


STYLE 1: 
PIN I. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


OIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
KIN 
MAX 


A 
5.08 
5.59 
0200 
0.220 


C 
1197 
1624 
0550 
0.640 


0 
1.40 
1.65 
0.055 
0.085 


E 
1.02 
U» 
0.040 
0050 


F 
064 
089 
0025 
0035 


J 
0.08 
0.18 
0003 
0.007 


K 
11.05 
- 
0.435 
- 


I 
1.40 
1.65 
0055 
0055 


M 
45» NOM 
45< NOM 


P 
- 
1.17 
- 
0050 
_i 
1.46 
1.65 
OOSS 
0.065 


T 
1.3 
178 
ooss 
0070 


U 
1.79" 
38.1 
aito 
0.150 


w 
2.41 
2.9? 
0.095 1 0.115 


STYLE I: 
STYLE 2: 
PIN 1. DRAIN 
«N I. COLLECTOR 
2. SOURCE 
2. EMITTER 
3. GATE I 
3- BASE 
4. GATE 2 
EMITTER 


DIM 
MILLIMETERS 
INCHES 
MM 
MAX 
MIN 
MAX 


A 
4.44 
5-?! 
0.176 
0.205 


C 
IJO 
1.S4 
O07S TOM" 


0 
084 
4# W 
MM 
F 
0.20 
039 
Q.OJS 
0 012 


G 
076 
M« 
0.030 
O045 


K 
7.24 
«'} 
0.285 
0320 


L 
10.54 
11.43 
0.415 
0450 


CASE 303-01 


iAr 


CASE 305A-01 


V 


STYLE I: 
STYLE 2: 
PIN1. 
COLLECTOR 
PINI. 
COLLECTOR 
2. 
EMITTER 
2. 
BASE 
3. 
BASE 
3 
EMITTER 
4. EMITTER 
4. 
BASE 


DIM 
MILLIMETERS 
INCHES 


•IN 
MAX 
MIN 
MAX 


A 
2.29 
2.67 
0.030 
0105 


C 
0.89 
1.40 
0.035 
0.055 


0 
041 
061 
O0I6 
0024 


F 
0.89 
1.09 
0.035 
0,04) 
J 
0.03 
015 
JJBl o,m 


K 
4.45 
5.84 
0175 
0230 


SLM 


& 


CASE 317A-01 


'1 
0=4+ 


_r_ • 


STYLE 1: 
PIN I. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


OIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
508 
5.59 
0.200 
0.220 


C 
241 
3.36 
0035 
0.130 
-6 
1.40 
1.65 
0055 
0085 


E 
1.02 
1.2? 
0.040 
OOSO 


F 
064 
0.69 
O026 
0035 


J 
O08 
0.18 
0.003 
0.00? 
"K 
II05 
6435 


M 
45° NOM 
45° NOM 


E 1: 
STYLE 2: 
I I. COLLECTOR 
PIN 1. COLLECTOR 
2. BASE 
2. EMITTER 
3. EMITTER 
3. BASE 


OIM 
MULIMETERJ 
INCHES 


MtN 
MAX 
MtN 
MAX 


A 
4.44 
531 
0175 
MM 
C 
IJO 
2.54 
0.075 
01W 
D 
OM 
0.59 
0.033 
0.039 
F 
0.20 
O30 
O001 
0012 


a 
JLBL 
1.14 
0,045 


K 
7.24 
6.13 
0265 
0.320 
L 
t054 
11.43 
0415 
0.450 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 318 TO-236AA 


TT 


CASE 318 STYLES 


STYLE6 
PIN 1. BASE 
2. EMITTER 
3 
COLLECTOR 


STYLE 7 


PIN I 
EMITTER 
2 
BASE 
3 
COLLECTOR 


STYLES 
PIN 
I 
ANODE 
2 
NO CONNECTION 


3 
CATHODE 


STYLE9 
PIN 
I. ANOOE 
2 
ANODE 
3 
CATHODE 


LIT 


STYLE 10 
PIN 
I. DRAIN 
2. SOURCE 
3 
GATE 


dim 


MILLIMETERS 
INCHES 
MIN 
MAX 
MIN 
MAX 


A 
TJ i 
] M 
1)111).' 
0 1197 


e 
120 
140 
i:.'.:. 
DCibl 
IhtI 
c 
g is 
i zo 
1033 


11 
i \i 
0015 
10171 
F 
10 085 i 0 13 
.,:.:;;: 
oc:5i 
G 
1.78 
2.04 
OB70I 
10807 
H 10 SI 
1 0 GO 
0020 
0 0236 
K 
0 10 
1 025 
0 
.: 
10098 


M 
0 45 
1 0 60 
1 
" 
'-!f- 
n loea | i.o2 
0 036 
0 0101 


LK 
F-1 


STYLE 
14 
PIN 
I, CATHOOE 
2 
GATE 
3 
ANOOE 


STYLE 11: 
STYLE 15: 
PINI. ANOOE 
PINI. GATE 
2. CATHOOE 
2. 
CATHODE 
3. CATHOOE 
3 
ANODE 
ANODE 


STYLE 16 
PINI. ANODE 
2. CATHODE 
3. CATHODE 


STYLE 17: 
PINI. NO CONNECTION 


3. GATE 
2. ANODE 
3. CATHOOE 


STYLES I THRU 5 ARE OBSOLETE. 


NOTES 
1. 318- 02 MEETS ALL JEDEC 
DIMENSIONAL REOUIREMENTS 


FOR TO- 236 AA. 


CASE 358-01 


STYLE ll 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 
4 
EMITTER 


STYLE?: 


PIN I. ORAIN 
2. SOURCE 
3 
GATEI 
4 
GATE 2 


DIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
.- :i 
2 92 
'- 
' 
0115 


11 
1 ••'- 
7 it 
ii m 
U n-43 
C 
. 
••: 
• ? 


U 
168 
G • i; 
j:i.-1 


1 
001 
.,, 
. 
0OO6 
k 
4S2 
= • : 
: - 
:•;: 
0.038 


- 
Ml 
I IB 
| 
M 
loss 
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CASE 318 TO-236AB 


TT 
-1? 


CASE 345-01 


air T 4l 
1 
2 
3, 


OIM 
MILLIMETERS 
INCHES 
MIN 
MAX 
•.•:•. 
'.•AX 


A 
2 80 
7 :,'. 
i. 11112 
0 1197 
0 0551 
00412 
I 
1 20 
OS) 


1 4:1 
104 


0 46 


C 13 


0 0472 
0 035 
0015 
11 
0.37 
00177 


1 
0C35 
0 0034 
BJ305I 
u 


II 
1.78 
0.51 
204 


0 60 


0 0701 


0 020 


o ;•.:>• 


011735 
i 
..••: 
in is:" 


0 0236 
0O40L 


I 


•••• 


It 


2 ID 
0 41 
083 


2.50"~To.0B3 
0.60~T!pi8 
1.Q2 |0"035 


m 


STYLE I 
PIN I, BASE 


2 
COLLECTOR 
3. EMITTER 


STYLE 2 
PIN I. ANODE 
2 
CATHODE 
3 
NO CONNECTION 


STYLE 3 
PIN I, GATE 
2 
ANOOE 
3 
CATHOOE 


STYLE 4 
PIN I, ORAIN 
2 GATE 
3 
SOURCE 


CASE 607-04 CERAMIC 


STYLE 1 
BASE 2. 6. 9. 13 
EMITTER 3. 5. 10. 12 
COLLECTOR 1. 7. 8. 14 
FOR COMPLEMENTARY QUADS 
NPN PINS 1 THRU 3. 12 THRU 14 
PNP PINS 5 THRU 7. 8 THRU 10 
(REFER TO STYLE 1 
FOR PIN IDENTIFICATION) 


DIM 
MILLIMETERS 
INCHES 
MIN 
| MAX 
MIN 
1 MAX 


A 
4.40 
•' 
4 60 
0174 | 1181 
| 
2 29 
i 
2 60 
1 091 
. 102 
C 
140 
160 
0 056 
0 052 
b 
:.: 
::• 
0015 
001: 


i 
162 
183 
0 064 
0 070 
F 
0 44 
0 53 
. 
' 
g 
• ::?;: 
a dss isc 


j 
035 
1 044 
J 014 
' 101' 


•: 
~T 
o n 
184 
::;; 
::;: 
3C3 BSC 
Mil ISC ' 


'. 
;:: 
22: 
OUs 
0 15' 


DIM 


•-••I 
UMiTIRS 
INCHES 
Mill 
UA> 
WIN 
MAX 


A 
6 10 
6 
13 
•;::, 


C 
0 76 
2 03 
: no 
""""' 
0 
0 25 
.4- 
1010 
0019 


F 
0 08 
0 
: '• 
0 003 
OOOfi 
C 
I27BSC 
0O5O BSC 
H 
013 
0 89 
- 
: 
1 3f 


J 
0 38 
K 
- 
I 0 250 


- 


I 
;- n 
0 740 
- 


0 25 
0010 


_ 


R 
038 


- 


S 
162 
i 
330 


1 
4 45 
4 95 
0 175 
195 


SMALL-SIGNAL DEVICES 
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PACKAGE OUTLINE DIMENSIONS (continued) 


STYLE 1 
BASE 1.5 
EMITTER 2. 4 
COUECTOR 9. 7 
FOR COMPLEMENTARY PAIRS 
NPN PINS 1.2.9 
PNP PINS 4. 5. 7 
(REFER TOSTYLE 1.FORPINIDENTIFICATION) 


CASE 646-05 


STYLE I 
BASE 2. 6, 9, 13 
EMITTER 3, 5. 10. 12 
COLLECTOR 1. 7. 8. 14 
COMPLEMENTARY PAIRS 
TYPE 1 
TYPE 2 
NPN I THRU 3. 5 THRU 7 
NPN 1 THRU 3. 12 THRU 14 
PNP 8 THRU 10, 12 THRU 14 
PNP 5 THRU 7. B THRU 10 
(REFER TO STYLE 1 FOR PIN IDENTIFICATION) 


CASE 654-07 


SMALL-SIGNAL DEVICES 


:. 
••• 
INCHIS 


MIN 
V:.' 
MIN 
MAX 


A 
6 10 
1 17 
0 240 
0 290 


!l IH'I 


9 1:; 
: 
B 


c 


2 97 


c ;- 


JUS 
?"or 


0 115 


11,-,!'! 


i 


ii 


0 08 
12 
0 15 


BSC 
olios 
obati 
n oso ssr. 


H 
013 
0 89 
0005 
0035 


K 
331 
V 
1 


1 
1054 
0415 


•1 
2 5 
BSC 
II llll ESI. 


R 
- 
127 
10 050 


I 
1 65 
203 
0 055 [0 080 


DIM 


.'IH.IVF.TIRS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
1816 
19 bS 
0 715 
0 778 


B 
i 10 
-.,;. 
..:.. 
0 260 


c 
4 05 
5 08 
.i '!.:: 
: too 


n 
033 
D.0IJ 
0 021 


i 
102 
1 78 
0 040 
0.070 


ii 
254 
ISC 


H 
1.32 
2 41 
CO.-5 


J 
0.20 
0 38 
0 008 
0.015 


K 
252 
3 43 
0 135 


1 
7.62 BSC 
1166 BSC 


M 
0" 
| 10= 
03 
1 10= 


N 
0 51 1 1.02 
:]... ! 1BM i 


DIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


0 370 


0 335 
0 185 


A 


B 


C 


851 


7 75 
381 


9 40 


8 51 


4 70 


0 335 
0 305 
0 150 


U 


r. 


II 


041 
5 0 


II 71 


0 53 
BSC 
1 0 86 


o die 


0 70 


0 028 


BSC 


II 031 


J 
0 74 
1 14 [0029 j 0045 
0 500 ' 
K 
17 70 


N 
2 54 BSC 
ll 100 BSC 


CASE 632-02 TO-116 CERAMIC 


Mi\i\m 


STYLE 1 
COLLECTOR 1.7,8.14 
BASE 2. 6, 9,13 
EMITTER 3. 5. 10, 12 
COMPLEMENTARY PAIRS 
TYPE 1 
TYPE 2 
NPN 1 THRU 3. 5 THRU 7 
NPN 1 THRU 3. 12 THRU 14 
PNP 8 THRU 10. 12 THRU 14 
PNP 5 THRU 7. 8 THRU 10 
(REFERTO STYLE1 FOR PIN IDENTIFICATION) 


CASE 654-02 


* 


CASE 654 STYLES 


STYLE 1 
PINI. COLLECTOR 
2. BASE 
3 EMITTER 
4. OMITTED 


STYLE 2: 
PINI. COLLECTOR 
5 
SOURCE 
2. BASE 
E. ORAIN 
3 
EMITTER 
7. GATE 
4. OMITTED 
8. OMITTED 


STYLE 3: 


PIN 1 
EMITTER 


2. 
BASE 
3. COLLECTOR 


4. OMITTED 


5. ANOOE 


6. NO CONNECTION 


7 
CATHODE 


8 
0MITTEO 


5. EMITTER 
6. BASE 
7. COLLECTOR 
8. 0MITTEO 


DIM 
MILHMETEHS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
168 
199 
0 660 
0 785 


fi 
5 Vi 
7 11 
0 220 
0 280 


5 08 
0 200 


n 
0 381 
0 581 
a 015 
0 023 


F 
077 
1 
II 
0 030 
0 070 


2 54 BSC 
0 100 BSC 
0 2031 
0 381 
loot 
LOli 


K 
-• •--: 
0100 1 


1 
7 62 BSC 
0 300 BSC 


M 
II 
15° 


•. 
051 
1 >': 
0020 
10311 


P 
- 
132S 


NOTES. 
I. ALLRULES& NOTESASSOCIATED WITH 
REFERENCED TO 78 (65402) OUTLINE 
SHALL APPLY. 


DIM 
vii i iv.Tf = :, 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
851 
940 
0 335 
0 370 


1 
; ;5 
8 51 
C 335 
1335 


r 
419 
!7a 
D : 65 
i! IBS 


n 
041 
a 53 
0 016 
0 071 


i 


- 
102 
•ii.:-! 


F 
0.41 
0 48 
0016 
0 019 


0 
H 
MM 6SC 
0.71 
[086 


3203 BSC 
1028 | 0034 
0.74 
1.14 
0 029 
IMS 


K 
270 
- 
MM 
- 
I _ 
6 35 
- 
0250 
- 
45" BSC 
45- 
i-.si: 


N 
2.54 
0.100 8SC 


» 
- 
127 
1 U 


STYLE 4 


PIN 
1. GATE 
5. ORAIN 


2. SOURCE 
6. SOURCE 


3. ORAIN 
7 
GATE 


4. OMITTED 
B OMITTEO 


STYLES: 
SIDE 1INPNI 
SIDE2IPNPI 
PINI 
COLLECTOR 
5 
EMITTER 


2 
BASE 
6. BASE 


3. EMITTER 
7. COLLECTOR 


4. OMITTED 
8 
OMITTED 


STYLE 6: 


PIN 1. SOURCE 
5 
SOURCE 


2 
ORAIN 
6 
DRAIN 


3. GATE 
7. GATE 


4 
OMIITLO 
8 
OMITTED 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 714-02 


H 
- 


FIRSTSTAGE 
PIN 1. RF IN 


4. RFOUT 


SECONDSTAGE PIN 6. RF IN 


9. RFOUT 


Vdt: PIN 5 


DCANDRFGR0UN0 
PINS 2. 3.7.8 


NOTE: 
1. MOUNTING HOIESWITHIN 
02SmmlOOUJIOIAOFTRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION 


Application Note Abstracts 


(Application Notes are available upon request. 


AN-139A 
Understanding Transistor 
Response Parameters 


This note explains high-frequency transistor response param 
eters and discusses their interdependence. Useful nomograms 
are given for determining hl0, fT, f,i0, f^, and many other 
parameters. 


AN-211A 
Field-Effect Transistors in 
Theory and Practice 


The basic theory, construction, and application information for 
field-effect transistors (junction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 


AN-215A 
RF Small-Signal Design Using 
2-Port Parameters 


Power gain and stability of high-frequency transistors may be 
completely described by two port parameters. 
This paper presents a summary of the overall design solution 
for the small-signal RF amplifier using two-port parameters. 
Design considerations and relationships for both the stable and 
the potentially unstable transistor are presented together with 
a discussion of neutralized, unneutralized, matched, and mis 
matched amplifiers. 


AN-267 
Matching Network Designs with 
Computer Solutions 


Computer solutions for four networks commonly used in solid- 
state high frequency amplifiers have been tabulated. 


AN-268 
Pulse Triggering of Radar 
Modulator SCR's 


Factors involved in dynamic gate triggering are examined and 


MOTOROLA SEMICONDUCTORS 


DIM 


MILLIMETERS 
INCHES 
MIN 
MAI 
MIN 
MAX 


A 
45118 
1775 


B 
76 42 
26 '.17 
1 340 
1060 


C 
21 34 
0SI0 
'.-:•; 


11 
0 16 
0 56 
•1 ::- 
0 027 


F 
ll Bl 
17 96 
6 4:6 
II 610 


: no 
F 


C 
241 
8 13 
C IOO 
.'6' 
0 095 
0105 


H 
9 65 
:i 76 
0 380 
. 385 


J 


K 
3 96 BSC 
11156 656 
686 
737 
0770 


1 
25 40 BSC 
i 
1 BSC 


T~ 
.' IE 
."17 


4 27 
0 DBS 
0115 


ii 
3 76 
[ ::: 
D IBI 


H 
- 11511 
0 595 
S 
:i 
10 BSC 
1 5 
' BSC 


1 


U 
IIOSl II 43 
IS5 
5 71 
0 435 1 0 450 
TJI95I O20T 


relations of gate triggering characteristics to variations of total 
current amplifications with gate current are shown. 


AN-270 
Nanosecond Pulse Handling Techniques in 


IC Interconnections 


The rapid advancement in the field of high speed digital in 
tegrated circuits has brought into focus many problem areas in 
the methods of pulse measurement techniques and new con 
cepts dealing with these problems. This paper is intended to 
discuss the more common, yet perhaps not well 


AN-421 
Semiconductor Noise Figure 
Considerations 


A summary of many of the important noise figure consider 
ations related with the design of low noise amplifiers is pre 
sented. The basic fundamentals involving noise, noise figure, 
and noise figure-frequency characteristics are then discussed 
with the emphasis on characteristics common to all semicon 
ductors. A brief introduction is made to various methods of data 
sheet presentation of noise figure and a summary is given lor 
the various methods of measurement. A discussion of low noise 
circuit design, utilizing many of the previously discussed con 
siderations, is included. 


EN-101 
Verifying Collector Voltage Ratings 


Methods of verifying the various voltage ratings given on tran 
sistor data sheets are described. Practical test circuits are given 
and testing problems are discussed. A detailed discussion of 
the avalanche breakdown mechanism and the significance of 
various voltage ratings is also included. 


SMALL-SIGNAL DEVICES 


Discreteproducts are available from Motorola inthree quality 
levels: Industrial/Commercial grade, Military grade, and Cus 
tomer Specials. 
This Reliability and Quality Assurance section contains infor 
mation on final test and quality assurance processing. Included 
is a listing of Q.A. tests and the applicable MIL-STD methods 
relating to the above-noted quality levels. 
High reliability (JAN, JANTX, JANTXV, and JANS)processing 
oftransistors is outlined byusing a processing and qualitycontrol 


flow chart. 
Aglossary of Reliability and Qualityterms is also included. 
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Reliability and 
Quality Assurance 


Reliability and Quality Assurance 


Quality Levels 
Most small-signal discrete 
products are available from 
Motorola in three quality levels: 
1. 
INDUSTRIAL/COMMERCIAL GRADE — Identified by 
a part number prefix such as 2N, MMor MPS and tested 
to a published Motorola, JEDEC or Proelectron 
specification. 
2. 
MILITARY GRADE— Identified by a 2N part number 
prefix, a JAN, JTX, JTXV or JANS suffix, and manu 
factured and tested per MIL-S-19500. 
JAN — Controlledlot with sample environmental and 
life testing 
JTX — Same as JAN plus 100% processing 
JTXV— Same as JTX plus 100% internal visual 
inspection 
JANS— Same as JTXV plus wafer lotacceptance and 
additional100% processing requirements. 
3. 
CUSTOMER SPECIAL—Screening, testingandmark 
ingas determined bythe customer to meet his particular 
requirements. This may range from a custom-marked 
industrial/commercial grade productto a hi-rel product 
which is subjected to a series of stringent inspections 
and tests to meet aerospace or special military 
requirements. 


Final Test Processing 
Device lotsare subjectedto 100%processing in Final Test. 
This processing may be as simpleas electrical testingto data 
sheet specifications or as complex as a series of mechanical, 
environmental and bum-in screening tests preceded and fol 
lowed by electrical readouts. All lots, whether industrial/com 
mercial, military orhi-rel, aresubjectedtoa minimum eight-hour 
storage bake at 150°C or 200°C. 


Quality Assurance Processing 
Allproductsare transferred to QA where they are subjected 
to GroupA electrical testing, usuallyto the same specifications 
used by Final Test. In the past, QA has primarily performed 
sample testing; but now, at Motorola, most small-signalmetal 
can transistors are 100% electricaltested by QA, and when this 
expansion programis completed, allsmall-signaltransistors will 
be subjected to 100% QA electrical testing. Military and hi-rel 
lots may undergo additional 100% screening in QA. Usingthe 
popular2N2222A family as an example, Table 1 compares the 
varyingdegrees of preconditioningand screening that are done 
on the 2N2222A, 2N2222AJAN, 2N2222AJTX, 2N2222AJTXV 
and 2N2222AJANS transistors. QA randomly selects test sam 
ples for Group A, B and C testing as defined in MIL-S-19500. 
The individual tests are defined in MIL-STD-750. Tables 2 and 
3 list the Group B and C test requirements for the 2N2222A 
military family. 


TABLE 1 — 100% PRECONDITIONING AND SCREENING (2N2222A Family) 


Test 
MIL-STD-750 
Method 
Condition 
2N2222A 
2N2222AJAN 
2N2222AJTX 
2N2222AJTXV 
2N2222AJANS 


1. 
Electrical tests 
— 
go - no go 
100% 
100% 
100% 
2. Hightemperature storage 
1032 
200°C, 24 hours 
100% 
100% 
3. Thermal shock 
1051 
C, 20 cycles 
— 
100% 
100% 
4. Constant acceleration 
2006 
20,000 G, Y1 
100% 
100% 
5. Particle impact noise 
2052 
B 
100% 
6. Hermetic seal 
fine leak 
1071 
GorH 
_ 
100% 
100% 
gross leak 
1071 
A, C, E or F 
— 
100% 
100% 
7. Electrical tests 
— 
read & record 
100% 
8. H.T. reverse bias 
1039 
150"C, 48 hours 
— 
100% 
100% 
9. 
Electrical tests 
— 
read & record* 
— 
100% 
100% 
10. Full-power burn-in 
1039 
25°C, 168 hours 
100% 
11. Full-power bum-in 
1039 
25°C, 240 hours 
— 
100% 
12. Electrical tests 
— 
read & record' 
100% 
100% 
13. Hermetic seal 
fine leak 
1071 
GorH 
_ 
100% 
100% 
gross leak 
1071 
A, C, E or F 
— 
100% 
100% 
14. X-ray 
2076 
— 
— 
— 
100% 
15. External visual 
2071 
— 
— 
— 
100% 


'Bin &cell may be used forJTX and JTXV product 
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TABLE 2 — GROUP B TESTS (2N2222ajan/jtx/jtxv/jans) 


MIL-STD-750 
LTPD(Accept No.) 
Inspection or Test 
Method 
Condition 
and Military Classification 


SUBGROUP LTPD 
10(0) 
1. Physical dimensions 
2066 
— 
JANS 


SUBGROUP LTPD 
15(1) 


2. Sotderability 
2026 
— 
ALL 


3. Solvent resistance 
1022 
— 
ALL 


SUBGROUP LTPD 
10(1) 


4. Thermal shock 
1051 
C1.25 cycles 
JAN, JTX, JTXV 


Thermal shock 
1051 
C3,100 cycles 
JANS 


5. 
Hermetic seal 
fine leak 
1071 
GorH 
ALL 


gross leak 
1071 
A, C, E or F 
ALL 
6. Decap internal visual 
2075 
— 
JANS 
7. Bond strength 
2037 
A 
JANS 


8. 
Die shear 
2017 
— 
JANS 


SUBGROUP LTPD 
5(2) 
9. Operating life 
1027 
25°C, 340 hours 
JAN, JTX, JTXV 


SUBGROUP LTPD 
20(0) 
10. Decap internal visual 
2075 
— 
JAN, JTX, JTXV 


11. Bond strength 
2037 
A 
JAN, JTX, JTXV 


SUBGROUP LTPD 
10(2) 
12. Intermittent operating life 
1037 
25°C, 2000 cycles 
JANS 


SUBGROUP LTPD 
10(2) 
13. Accelerated operating life 
1027 
125°C, 96 hours 
JANS 


SUBGROUP LTPD 
7(2) 
14. High-temperature storage life 
1032 
200°C, 340 hours 
JAN. JTX, JTXV 


TABLE 3 — GROUP C TESTS (2N2222ajan/jtx/jtxv/jans) 


Inspection or Test 
MIL-STD-750 
Method 
Condition 
LTPD(Accept No.) and Military 
Classification 


SUPGROUP LTPD 
15(1) 
1. Physical dimensions 
2066 
— 
ALL 
SUBGROUP LTPD 
10(1) 
2. Thermal shock 
1056 
A 
ALL 
3. Terminal strength 
2036 
E 
ALL 
4. Hermetic seal 
fine leak 
1071 
GorH 
ALL 
gross leak 
1071 
A, C, E or F 
ALL 
5. Moisture resistance 
1021 
Omit initialprecond. 
ALL 
6. External visual 
2071 
— 
ALL 
SUBGROUP LTPD 
10(1) 


7. Shock 
2016 
1500G 
ALL 
8. Variable-frequency vibration 
2056 
100-2000 Hz 
ALL 
9. Constant acceleration 
2006 
20,000 G 
ALL 


SUBGROUP LTPD 
15(1) 
10. Salt atmosphere 
1041 
— 
ALL 
SUBGROUP LTPD 
10(1) 
11. Operating life 
1026 
25'C, 1000 hours 
ALL 
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High Reliability Processing of Transistors 


I WAFER PROCESSING 


AfterwMifciscroprocoiir^thoyafOSijtijoclodtoMc^oiolavisual 
InspecttonrecjutnariBntsaiidrwririaygeq 
jectod to a sampto SEM tntpadlon lo assure good stop cov 
erage. Tho wsfonsrothen probodGoerocrjicalrequirements 
and tho rejects aro Inked. Finally, they are sawn and separated 


to torn the Individual dlco. 


D ASSEMBLY 


The (So an) attached to hoBdcrs and thon wiro bonded. Tho 
following mechanicaltests «n>performedby QuoEtyControlIn 
spectors on a samplo bails to ensure assembly process 


(1) Wire pulltests 
(2) Die push off tests 
Units era stored Indry air until reedy forcapping. 


HI CAN WELD OR UO SEAL 


ComplMad headers ore loadod Into a vacuum cftcmber tor can 
weld or processed thru a furnace tortop attachments on ceramic 
packages. AHdevices are subjected to a high ternporoture stor 
age (stabilization bake) priorto final electrical test 


PROCESSING AND QUALITY CONTROL FLOW CHART 


COMMERCIAL 
GRADE 
WAFER 
PROCESSING 
ASSEMBLY 
CAN WELD 
OR 
LID SEAL 


JANS 


MILITARY GRADE 
JANTXV 


CUSTOMER SPECIFIED 
SCREENING AND TESTING 


VII 
SCANNING 
ELECTRON 
MICROSCOPE 
(SEM) 
I 
VIII 
100% 
HIGH POWER 
DIE VISUAL 


JANTXV 
JANS 


100% LOW POWER 
ASSEMBLY VISUAL 


XII 
CUSTOMER 
SPECIFIED 
PROCESSING 


VD SCAKNDta electron microscope 


ADJANS product with overlay geometry requires a SEM in 
spection per MIL-STD-750. method 2077. To ossuro good 
metallization stop coverage. Motorola monitors aB ovorlay ge 
ometry transistor wafer lines whether or not Itis reqiirod. 


XD CUSTOMER SPECIFIED PROCESSOR 


Screening, testing and marking as determined by tho customer 
to most his parbcutar roQuiromonis. which may range from a 
custorrKnarked standard productto a hi-relproduct that ts sub 
jected to (he most stringent tests tor aerospace or military 
applications. 


VD 100% HIGH POWER OtE VISUAL 


Tho high powor portion ol tho inspection is pcrfofrood to ossuro 
good dtoooctttrucfiooand frontmetalcondSons. Individualrefect 
criteria includes tno following: Motalftriflon defects such os 
•crotches, voids, corrosion,adherence, bridgingend alignment. 
Poor die construction conditions such as oxide and faults ara 
also refected. 
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DC 100% LOW POWER ASSEMBLY VISUAL 


Tho low powor visual inspection controls worionansttip, to., <fio 
attachment, internal tatd-wiroattachment, and paoKago defects. 
Dto attachment inspection includes assuring good watting, ale 
placement and proper orientation. Internal load wires must havo 
proper arc and all attachment bonds must bo property placed 
and In good' condition. Package dotoct inspection includes 
checking tor foreignmaterial, .mprcpwcc<i*tnjiatonarxJ crocked 
loecthroughs. 
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IV 100% FINAL ELECTRICAL TEST 


Comptetaddevices ore subjectedto 100%testingto electrical 
requirements. When different devicesaresourcedfromo single 
product Brie, they oresorted forvoltagoand gain. 


V QUALITY CONTROL 
AlthoughIthasbeentrarstloiiai torQAto performsampletesting, 
todaymostsman-signsl metalcantransistorsaro100%electrical 
testedby QA.Soon,alltransistors winbe 100%testedbyQA. 
Group A and Btests ore performed on JANdevices.GroupA 
and 8 tests and 100% processing are performedon JANTX, 
JANTXV and JANS devices. Group C testing is required on a 
periodic basis. 


VI WAREHOUSE 
Uponcompletion, tho finished product is ready forshipping. 
Purchase order requirements are carefullychecked again prior 
to shipping. Warranty tests (Group A) are performed every24 
months on militarydevices. 


IV 
100% 


FINAL 
ELECTRICAL 
TEST 


V 


QUALITY 
^ 


VI 
WAREHOUSE 
SHIP 
COMMERCIAL 
CUNTROL 


I 
JANS 
i 
i 
i 
JANTX 
JANTXV 
JANS 
t 


X 
100% 
QUALITY CONTROL 
PROCESSING 


XI 


GROUP B SAMPLE 


VI 
WAREHOUSE 
SHIP 
JAN-JANTX-JANTXV 
GROUP C SAMPLE 


X 100% QUALITY CONTROL PROCESSING 


High-temperature storage 
Thormal shock 
Constant acceleration 
Parade Impact noise (JANS) 
Hermetic seal 
High-temperoturo reverse bias 
Full-power burn-in 
X-ray (JANS) 
Extomal visual (JANS) 
Read and record parameters 
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VI 
WAREHOUSE 
SHIP 
CUSTOM SPECIAL 


XI GROUP B AND GROUP C INSPECTION 


Typical GroupB Processing 
TypicalGroupC Processing 


a. 
Physical dimensions 


b. 
Thormal shock 
c 
Terminal strength 


d. 
Hermetic seal 


a. 
Physical dimensions 
b. 
SoldrjrebiBy 
c 
Solvent resistance 


d. 
Thermal shock 
e. 
Hermetic seal 
f. 
Decap Internalvisual 
g. 
Bond strength 


h. 
Dioshear 


i. 
340 hr. operating Me 
j. 
tntormrttentoperating [Ho 
(JANS) 
k. 
Accelerated operating life 
(JANS) 
L 
340 hr. storage tifo 


o. 
Moisture resistance 


f. 
External visual 
g. 
Shock 
h. 
Variable-frequency 
vibration 


i. 
Constant acceleration 
j. 
Salt atmosphere 


k. 
1000 hr. operating lite 
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Test Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. 
Steady State Operating Life (SSOL) 
The purpose of this test is to evaluate the bulk stability of 
the die and to generate defects resulting from manufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 
Conditions: Ta = 25°C, PD = max rated power 


B. 
Intermittent Operating Life (IOL) 
The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. 
Conditions: Tf\ = 25°C, PD = max rated power. T(0n) 
= T(off) = 1 min- 


C. 
High Temperature Storage Life 


The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
stability. 
Conditions: Ta = 150°C no bias applied 


D. 
High Temperature Reverse Bias (HTRB) 
The purpose of this test is to align mobile ions by means 
of temperature and voltage stresses to form a high-current 
leakage path between two or more terminals. 
Conditions: Ta = 150°C,Vqq = 80% max rated Vcb. 


E. High Temperature High Humidity Reverse Bias 
(H3TRB) 


The purpose of this test is to evaluate the moisture resis 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene 
tration has taken place. With time, this is a catastrophically 
destructive test. 
Conditions: Ta 
rated Vqb< 
85°C, RH = 85%, VCB = 80% max 


Moisture Resistance 
The purpose of this test is to evaluate the moisture resis 
tance of components under temperature/humidity condi 
tions typical of tropical environments. 


Conditions: Mil-Std-750, Method 1021. 
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G. 
Pressure Cooker 


The purpose of this test is to evaluate the moisture resis 
tance of non-hermetic components under pressure/ 
temperature conditions. 
Conditions: T = 121°C, P = 1 atmosphere (15 psig) 


H. Temperature Cycle (Air to Air) 


The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 


Conditions: Mil-Std-750, Method 1051, -55°C to 150°C, 
15 minutes dwell time at each temperature 


I. 
Thermal Shock (Liquid to Liquid) 


This test is an accelerated version of temperature cycle. 


Conditions: Mil-Std-750, Method 1056, 0°C to 100°C, 15 
seconds dwell time at each temperature 


J. 
Terminal Strength 


The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 


Conditions: Mil-Std-750, Method 2036, Condition E. 


K. Solderability 


The purpose of this test is to determine the solderability of 
the device terminals. 


Conditions: Mil-Std-750, Method 2026. 


L 
Salt Atmosphere (Corrosion) 


The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaC1) is present. 


Conditions: Mil-Std-750, Method 1041 


M. 
Mechanical Stress Tests 


Vibration, shock and constant acceleration tests are infre 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac 
ceptance of military product. 
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Glossary of Reliability and Quality Terms 


Acceptable Quality Level (AQL)— A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer's risk because the 
probability of rejecting a good lot is 5%. 


Acceptance Number (Ac) — The largest number of defec 
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 


Acceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 


Average Outgoing Quality (AOQ)—The average quality of 
outgoing product after 100%screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Average Outgoing Quality Limit (AOQL)— The maximum 
average outgoing quality that is possible for a given sam 
pling plan. 


Defect — Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 


Defective — A device which contains one or more defects. 


Double Sampling — Sampling inspection in which the in 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec 
ond sample, when required, always leads to a decision to 
accept or to reject. 


Failure — The inability of a device to perform a specified 
function within previously-established limits. 


Failure Rate — The statistical probability of a failure occur 
ring within a stated period of time. For electronic compo 
nents it is usually assumed that failures follow an exponen 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 


Infant Mortality— Premature failures occurring at a failure 
rate substantially greater than that observed during sub 
sequent life prior to wear-out. 


Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 


Lot Tolerance Percent Defective (LTPD) — A measure of 
quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep 
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 
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Mean Time Between Failures (MTBF) — The total measured 
operatingtime ofa group ofequipments dividedbythe total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip 
rocal of failure rate. 


Operating Characteristic Curve(OC curve)—Agraph ofthe 
probability of acceptance as a functionof the lot qualityor 
process average quality,whichever is applicable. 


Percent Defective — The number of defective devices in a 
lot divided by the total number of devices in that lot, mul 
tiplied by 100. 


Probabilityof Acceptance (Pa) —The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Process Average Quality—The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 


Rejection Number (Re)—The smallest number ofdefectives 
in an inspection sample under consideration that will pre 
vent acceptance of the lot. 


Reliability — A measure of the performance of a product 
over a specified period of time. 


Sample — One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 


Sampling Plan— A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 


Single Sampling —Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 


Wearout Failures — Those failures which occur as a result 
of deterioration processes and whose probability of occur 
rence increases with time. 


100%Inspection—Inspection of every device, in which each 
device is accepted or rejected individually for the charac 
teristic concerned, on the basis of its own inspection only. 
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Selector Guides 


Plastic-Encapsulated 
TO-92 Transistors 


Microminature 
Products 


Metal 
Transistors 


Multiple 
Transistors 


Field-Effect 
Transistors 


RF Transistors 


Package Outline 
Dimensions and 
Application Literature 


Reliability and 
Quality Assurance 


